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TOMATIDINE, ANALOGS THEREOF,
COMPOSITIONS COMPRISING SAME, AND
USES FOR SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application is a continuation claiming benefit under
35 U.S.C. 365(c) of copending PCT/US2013/053423, filed
Aug. 2, 2013. PCT/US2013/053423 claimed the benefit of
U.S. Provisional Application No. 61/679,432, filed Aug. 3,
2012, and U.S. Provisional Application No. 61/730,496, filed
Nov. 27, 2012. All the foregoing are incorporated herein by
reference in their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with government support under
grant IBX000976A awarded by the Department of Veterans
Affairs Biomedical Laboratory Research & Development
Service and grant 1R01AR059115-01 awarded by the
National Institutes of Health and National Institute of Arthri-
tis and Musculoskeletal and Skin Diseases (NIH/NIAMS).
The United States government has certain rights in the inven-
tion.

BACKGROUND

Skeletal muscle atrophy is characteristic of starvation and
a common effect of aging. It is also a nearly universal conse-
quence of severe human illnesses, including cancer, chronic
renal failure, congestive heart failure, chronic respiratory dis-
ease, insulin deficiency, acute critical illness, chronic infec-
tions such as HIV/AIDS, muscle denervation, and many other
medical and surgical conditions that limit muscle use. How-
ever, medical therapies to prevent or reverse skeletal muscle
atrophy in human patients do not exist. As a result, millions of
individuals suffer sequelae of muscle atrophy, including
weakness, falls, fractures, opportunistic respiratory infec-
tions, and loss of independence. The burden that skeletal
muscle atrophy places on individuals, their families, and soci-
ety in general, is tremendous.

The pathogenesis of skeletal muscle atrophy is not well
understood. Nevertheless, important advances have been
made. For example, it has been described previously that
insulin/IGF1 signaling promotes muscle hypertrophy and
inhibits muscle atrophy, but is reduced by atrophy-inducing
stresses such as fasting or muscle denervation (Bodine S C, et
al. (2001) Nat Cell Biol 3(11):1014-1019; Sandri M, et al.
(2004) Cell 117(3):399-4121; Stitt TN, et al. (2004) Mol Cell
14(3):395-403; Hu Z, et al. (2009) The Journal of clinical
investigation 119(10):3059-3069; Dobrowolny G, et al.
(2005) The Journal of cell biology 168(2):193-199; Kandar-
ian S C & Jackman R W (2006) Muscle & nerve 33(2):155-
165; Hirose M, et al. (2001) Metabolism: clinical and experi-
mental 50(2):216-222; Pallafacchina G, et al. (2002)
Proceedings of the National Academy of Sciences of the
United States of America 99(14):9213-9218). The hyper-
trophic and anti-atrophic effects of insulin/IGF 1 signaling are
mediated at least in part through increased activity of phos-
phoinositide 3-kinase (PI3K) and its downstream effectors,
including Akt and mammalian target of rapamycin complex 1
(mTORC1) Sandri M (2008) Physiology (Bethesda) 23:160-
170; Glass D J (2005) The international journal of biochem-
istry & cell biology 37(10):1974-1984).
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Another important advance came from microarray studies
of atrophying rodent muscle (Lecker S H, et al. (2004) Faseb
J18(1):39-51; Sacheck J M, et al. (2007) Faseb J 21(1):140-
155; Jagoe R T, et al. Faseb J 16(13):1697-1712). Those
studies showed that several seemingly disparate atrophy-in-
ducing stresses (including fasting, muscle denervation and
severe systemic illness) generated many common changes in
skeletal muscle mRNA expression. Some of those atrophy-
associated changes promote muscle atrophy in mice; these
include induction of the mRNAs encoding atroginl/ MAFbx
and MuRF1 (two E3 ubiquitin ligases that catalyze pro-
teolytic events), and repression of the mRNA encoding
PGC-1 a (a transcriptional co-activator that inhibits muscle
atrophy) (Sandri M, et al. (2006) Proceedings of the National
Academy of Sciences of the United States of America 103(44):
16260-16265; Wenz T, et al. Proceedings of the National
Academy of Sciences of the United States of America 106(48):
20405-20410; Bodine S C, et al. (2001) Science (New York,
N.Y. 294(5547):1704-1708; Lagirand-Cantaloube J, et al.
(2008) The EMBO journal 27(8):1266-1276; Cohen S, et al.
(2009) The Journal of cell biology 185(6):1083-1095; Adams
V, et al. (2008) Journal of molecular biology 384(1):48-59).
However, the roles of many other mRNAs that are increased
or decreased in atrophying rodent muscle are not yet defined.
Data on the mechanisms of human muscle atrophy are even
more limited, although atrogin-1 and MuRF1 are likely to be
involved (Leger B, etal. (2006) Faseb J 20(3):583-585; Dou-
cet M, et al. (2007) American journal of respiratory and
critical care medicine 176(3):261-269; Levine S, et al. (2008)
The New England journal of medicine 358(13):1327-1335).
It is therefore beneficial to have compounds that can increase
skeletal muscle, muscle hypertrophy. Therefore, compounds
that can promote muscle hypertrophy are desired.

Furthermore, it is well known that obesity is a major prob-
lem in today’s society. Millions of dollars are spent each year
in treating diseases directly linked to people being over
weight. These problems can be caused by a high adiposity.
Therefore, compounds that can decrease adiposity are
desired.

Tomatidine is a naturally occurring steroidal alkaloid that
is the aglycone form of a-tomatine, an abundant glycoalka-
loid in tomato plants and tomatoes. In tomatoes, c.-tomatine
mediates plant defense against fungi, bacteria, viruses and
predatory insects (Koh E et al. (2013) J. Sci. Food Agric. 93:
1537-1542). When consumed by animals, a-tomatine is
hydrolyzed by stomach acid and intestinal bacteria to toma-
tidine, which is absorbed by the gut (Friedman M et al (2003)
Food Chem. Toxicol. 41: 61-71). Tomatidine appears to have
a favorable safety profile based on several studies: 1) human
consumption of indigenous variants of tomatoes with very
high concentrations of [Ja-tomatine (up to 0.05% (w/w) of
dry tomato weight) appears to cause no adverse effects (Koh
Eetal. (2013) J. Sci. Food Agric. 93: 1537-1542; Rick Cet al.
(1994) Proc. Natl. Acad. Sci. U.S.A. 91: 12877-12881); 2
a-tomatine content is twice as high in organically grown
tomatoes compared to conventionally grown tomatoes (Koh
E et al. (2013) J. Sci. Food Agric. 93: 1537-1542); and 3) in
pregnant and non-pregant mice, dietary supplementation with
0.1% (w/w) tomatidine produces no adverse eftects (Fried-
man M et al (2003) Food Chem. Toxicol. 41: 61-71). More-
over, in mouse models, tomatidine possesses anti-hyperlipi-
demic and anti-atherosclerotic effects without evidence of
toxicity (Fujiwara Y et al. (2012) J. Agric. Food Chem. 60:
2472-2479). Prior to this research, the ability of tomatidine to
promote skeletal muscle hypertrophy, increase muscle
strength, increase exercise capacity, and decrease adiposity
was unknown.



US 9,254,295 B2

3

Despite advances in understanding the physiology and
pathophysiology of muscle atrophy, there is still a scarcity of
compounds that are both potent, efficacious, and selective
modulators of muscle growth and also effective in the treat-
ment of muscle atrophy associated and diseases in which the
muscle atrophy or the need to increase muscle mass is
involved. There is also a need for compounds that can
decrease adiposity. There is also a need for compounds that
can promote muscle hypertrophy. These needs and other
needs are satisfied by the present invention.

SUMMARY

In accordance with the purpose(s) of the invention, as
embodied and broadly described herein, the invention, in one
aspect, relates to compounds useful in methods to treat
muscle atrophy, promote muscle hypertrophy, and decrease
adiposity. The compounds can be selected from tomatidine
and analogs. Tomatidine and tomatidine analogs are used
interchangeably herein.

Tomatidine and analogs can have the structure:

iy
O
~R5!.

The disclosed compounds can promote muscle hypertro-
phy when administered in an effective amount to an animal,
such as a mammal, fish or bird. For example, human.

The disclosed compounds can decrease adiposity when
administered in an effective amount to an animal, such as a
mammal, fish or bird. For example, human.

The disclosed compounds can also treat muscle atrophy
when administered in an effective amount to an animal, such
as a mammal, fish or bird. For example, human.

The disclosed compounds can also promote muscle health,
promote normal muscle function, and/or promote healthy
aging muscles by providing to a subject in need thereof an
effective amount of a disclosed compound.

Also disclosed herein are pharmaceutical compositions
comprising compounds used in the methods. Also disclosed
herein are kits comprising compounds used in the methods.

Also disclosed are methods for manufacturing a medica-
ment associated with muscle atrophy or the need to promote
muscle health, promote normal muscle function, and/or pro-
mote healthy aging muscles comprising combining at least
one disclosed compound or at least one disclosed product
with a pharmaceutically acceptable carrier or diluent.
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Also disclosed are uses of a disclosed compound or a
disclosed product in the manufacture of a medicament for the
treatment of a disorder associated with muscle atrophy or the
need to promote muscle health, promote normal muscle func-
tion, and/or promote healthy aging muscles.

While aspects of the present invention can be described and
claimed in a particular statutory class, such as the system
statutory class, this is for convenience only and one of skill in
the art will understand that each aspect of the present inven-
tion can be described and claimed in any statutory class.
Unless otherwise expressly stated, it is in no way intended
that any method or aspect set forth herein be construed as
requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not specifically state
in the claims or descriptions that the steps are to be limited to
a specific order, it is no way intended that an order be inferred,
in any respect. This holds for any possible non-express basis
for interpretation, including matters of logic with respect to
arrangement of steps or operational flow, plain meaning
derived from grammatical organization or punctuation, or the
number or type of aspects described in the specification.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures, which are incorporated in and
constitute a part of this specification, illustrate several aspects
and together with the description serve to explain the prin-
ciples of the invention.

FIG. 1 is a graph of mouse skeletal muscle weight for
control, ursolic acid at 200 mg/kg and tomatidine at 50 mg/kg.

FIG. 2 is a graph of mouse skeletal muscle weight as a
function of tomatidine dosage.

FIG. 3 is a bar graph of mouse skeletal muscle fiber diam-
eter for control and for tomatidine at 50 mg/kg.

FIG. 4 is a graph showing distribution of percentage of
mouse skeletal muscle fibers as a function of fiber diameter
for control and for tomatidine at 50 mg/kg.

FIG. 5 is a graph of mouse skeletal muscle weight as a
function of tomatidine dosage.

FIG. 6 is a bar graph of mouse skeletal muscle fiber diam-
eter for control and for tomatidine at 15 mg/kg.

FIG. 7 is a graph showing distribution of percentage of
mouse skeletal muscle fibers as a function of fiber diameter
for control and for tomatidine at 15 mg/kg.

FIG. 8 is a graph of mouse skeletal muscle weight as a
function of time for control and for tomatidine at 25 mg/kg.

FIG. 9 is a graph of fat mass and lean mass (in grams) for
mouse skeletal muscle as a function of time for control mice
and for mice given tomatidine at 0.05% in the diet.

FIG. 10 is a scatter plot showing grip strength for fifteen
individual mice in each of two test groups: control mice and
mice given tomatidine at 0.05% in the diet; the horizontal bars
denote the mean+SEM.

FIG. 11 is a scatter plot showing total fat weight for indi-
vidual mice in each of'two test groups maintained on a high fat
diet: control mice and mice given tomatidine at 0.05% in the
diet; the horizontal bars denote the mean+SEM.

FIG. 12 is a set of three bar graphs showing total protein
(normalized to control) in tibialis anterior (TA), gastrocne-
mius (Gastroc) and quadriceps (Quad) muscles in each oftwo
test groups: control mice and mice given tomatidine at 0.05%
in the diet.

FIG. 13 is a pair of bar graphs showing the ratio of mito-
chondrial DNA to nuclear DNA (normalized to control) in
gastrocnemius (Gastroc) and soleus muscles in each of two
test groups: control mice and mice given tomatidine at 0.05%
in the diet.
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FIG. 14 is a bar graph showing specific force (in kN/m?)
generated by mouse extensor digitorum longus muscles ex
vivo in each of two test groups: control mice and mice given
tomatidine at 0.05% in the diet.

FIG. 15 is a bar graph showing distance run (in meters) in
each of two test groups: control mice and mice given toma-
tidine at 0.05% in the diet.

FIG. 16 is a listing of the induced and repressed mRNAs
associated with human muscle atrophy signature-1.

FIG. 17 is a listing of the induced and repressed mRNAs
associated with human muscle atrophy signature-2.

Additional advantages of the invention will be set forth in
part in the description which follows, and in part will be
obvious from the description, or can be learned by practice of
the invention. The advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as
claimed.

DESCRIPTION

The present invention can be understood more readily by
reference to the following detailed description of the inven-
tion and the Examples included therein.

Before the present compounds, compositions, articles, sys-
tems, devices, and/or methods are disclosed and described, it
is to be understood that they are not limited to specific syn-
thetic methods unless otherwise specified, or to particular
reagents unless otherwise specified, as such may, of course,
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular aspects only
and is not intended to be limiting. Although any methods and
materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention,
example methods and materials are now described.

All publications mentioned herein are incorporated herein
by reference to disclose and describe the methods and/or
materials in connection with which the publications are cited.
The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present applica-
tion. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publica-
tion by virtue of prior invention. Further, the dates of publi-
cation provided herein can be different from the actual pub-
lication dates, which can require independent confirmation.

A. DEFINITIONS

As used herein, nomenclature for compounds, including
organic compounds, can be given using common names,
IUPAC, TUBMB, or CAS recommendations for nomencla-
ture. When one or more stereochemical features are present,
Cahn-Ingold-Prelog rules for stereochemistry can be
employed to designate stereochemical priority, E/Z specifi-
cation, and the like. One of skill in the art can readily ascertain
the structure of a compound if given a name, either by sys-
temic reduction of the compound structure using naming
conventions, or by commercially available software, such as
CHEMDRAW™ (Cambridgesoft Corporation, U.S.A.).

As used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a functional group,” “an alkyl,” or “a
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residue” includes mixtures of two or more such functional
groups, alkyls, or residues, and the like.

Ranges can be expressed herein as from “about” one par-
ticular value, and/or to “about” another particular value.
When such a range is expressed, a further aspect includes
from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approxima-
tions, by use of the antecedent “about,” it will be understood
that the particular value forms a further aspect. It will be
further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and inde-
pendently of the other endpoint. It is also understood that
there are a number of values disclosed herein, and that each
value is also herein disclosed as “about” that particular value
in addition to the value itself. For example, if the value “10”
is disclosed, then “about 10” is also disclosed. It is also
understood that each unit between two particular units are
also disclosed. For example, if 10 and 15 are disclosed, then
11, 12, 13, and 14 are also disclosed.

References in the specification and concluding claims to
parts by weight of a particular element or component in a
composition denotes the weight relationship between the ele-
ment or component and any other elements or components in
the composition or article for which a part by weight is
expressed. Thus, in a compound containing 2 parts by weight
of component X and 5 parts by weight componentY, X andY
are present at a weight ratio of 2:5, and are present in such
ratio regardless of whether additional components are con-
tained in the compound.

A weight percent (wt. %) of a component, unless specifi-
cally stated to the contrary, is based on the total weight of the
formulation or composition in which the component is
included.

Asused herein, the terms “optional” or “optionally” means
that the subsequently described event or circumstance can or
cannot occur, and that the description includes instances
where said event or circumstance occurs and instances where
it does not.

As used herein, the term “muscle atrophy signature-1~
refers to the set of mRNAs with an altered expression pattern
associated with muscle atrophy. The mRNAs comprise
mRNAs that are either induced or repressed during the patho-
physiology of muscle atrophy and which were identified
using the methods described herein. For clarity, muscle atro-
phy signature-1 comprises the induced and repressed mRNAs
described in FIG. 16.

As used herein, the term “muscle atrophy signature-2”
refers to the set of mRNAs with an altered expression pattern
associated with muscle atrophy. The mRNAs comprise
mRNAs that are either induced or repressed during the patho-
physiology of muscle atrophy and which were identified
using the methods described herein. For clarity, muscle atro-
phy signature-2 comprises the induced and repressed mRNAs
described in FIG. 17.

As used herein, the term “subject” refers to the target of
administration, e.g. an animal. Thus the subject of the herein
disclosed methods can be a vertebrate, such as a mammal, a
fish, a bird, a reptile, or an amphibian. Alternatively, the
subject of the herein disclosed methods can be a human,
non-human primate, horse, pig, rabbit, dog, sheep, goat, cow,
cat, guinea pig, fish, bird, or rodent. The term does not denote
a particular age or sex. Thus, adult and newborn subjects, as
well as fetuses, whether male or female, are intended to be
covered. In one aspect, the subject is a mammal. A patient
refers to a subject afflicted with a disease or disorder. The
term “patient” includes human and veterinary subjects. In
some aspects of the disclosed methods, the subject has been
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diagnosed with a need for treatment of one or more muscle
disorders prior to the administering step. In some aspects of
the disclosed method, the subject has been diagnosed with a
need for promoting muscle health prior to the administering
step. In some aspects of the disclosed method, the subject has
been diagnosed with a need for promoting muscle health
prior, promote normal muscle function, and/or promote
healthy aging muscles to the administering step.

As used herein, the term “treatment” refers to the medical
management of a patient with the intent to cure, ameliorate,
stabilize, or prevent a disease, pathological condition, or dis-
order. This term includes the use for astetic and self-improve-
ment purposes, for example, such uses include, but are not
limited to, the administration of the disclosed compound in
nutraceuticals, medicinal food, energy bar, energy drink,
sports drink, protein bar, tea, coffee, milk, milk products,
cereal, oatmeal, infant formulas, supplements (such as mul-
tivitamins). This term includes active treatment, that is, treat-
ment directed specifically toward the improvement of a dis-
ease, pathological condition, or disorder, and also includes
causal treatment, that is, treatment directed toward removal of
the cause of the associated disease, pathological condition, or
disorder. In addition, this term includes palliative treatment,
that is, treatment designed for the relief of symptoms rather
than the curing of the disease, pathological condition, or
disorder; preventative treatment, that is, treatment directed to
minimizing or partially or completely inhibiting the develop-
ment of the associated disease, pathological condition, or
disorder; and supportive treatment, that is, treatment
employed to supplement another specific therapy directed
toward the improvement of the associated disease, pathologi-
cal condition, or disorder. In various aspects, the term covers
any treatment of a subject, including a mammal (e.g., a
human), and includes: (i) preventing the disease from occur-
ring in a subject that can be predisposed to the disease but has
notyet been diagnosed as having it; (ii) inhibiting the disease,
i.e., arresting its development; or (iii) relieving the disease,
i.e., causing regression of the disease. In one aspect, the
subject is a mammal such as a primate, and, in a further
aspect, the subject is a human. The term “subject” also
includes domesticated animals (e.g., cats, dogs, etc.), live-
stock (e.g., cattle, horses, pigs, sheep, goats, fish, bird, etc.),
and laboratory animals (e.g., mouse, rabbit, rat, guinea pig,
fruit fly, etc.).

Asusedherein, the term “prevent” or “preventing” refers to
precluding, averting, obviating, forestalling, stopping, or hin-
dering something from happening, especially by advance
action. It is understood that where reduce, inhibit or prevent
are used herein, unless specifically indicated otherwise, the
use of the other two words is also expressly disclosed.

As used herein, the term “diagnosed” means having been
subjected to a physical examination by a person of skill, for
example, a physician, and found to have a condition that can
be diagnosed or treated by the compounds, compositions, or
methods disclosed herein. For example, “diagnosed with a
muscle atrophy disorder” means having been subjected to a
physical examination by a person of skill, for example, a
physician, and found to have a condition that can be diag-
nosed or treated by a compound or composition that can
promote muscle health, promote normal muscle function,
and/or promote healthy aging muscles. As a further example,
“diagnosed with a need for promoting muscle health” refers
to having been subjected to a physical examination by a
person of skill, for example, a physician, and found to have a
condition characterized by muscle atrophy or other disease
wherein promoting muscle health, promoting normal muscle
function, and/or promoting healthy aging muscles would be
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beneficial to the subject. Such a diagnosis can be in reference
to a disorder, such as muscle atrophy, and the like, as dis-
cussed herein.

As used herein, the phrase “identified to be in need of
treatment for a disorder,” or the like, refers to selection of a
subject based upon need for treatment of the disorder. For
example, a subject can be identified as having a need for
treatment of a disorder (e.g., a disorder related to muscle
atrophy) based upon an earlier diagnosis by a person of skill
and thereafter subjected to treatment for the disorder. It is
contemplated that the identification can, in one aspect, be
performed by a person different from the person making the
diagnosis. It is also contemplated, in a further aspect, that the
administration can be performed by one who subsequently
performed the administration.

As used herein, the terms “administering” and “adminis-
tration” refer to any method of providing a pharmaceutical
preparation to a subject. Such methods are well known to
those skilled in the art and include, but are not limited to, oral
administration, transdermal administration, administration
by inhalation, nasal administration, topical administration,
intravaginal administration, ophthalmic administration,
intraaural administration, intracerebral administration, rectal
administration, sublingual administration, buccal administra-
tion, and parenteral administration, including injectable such
as intravenous administration, intra-arterial administration,
intramuscular administration, and subcutaneous administra-
tion. Administration can be continuous or intermittent. In
various aspects, a preparation can be administered therapeu-
tically; that is, administered to treat an existing disease or
condition. In further various aspects, a preparation can be
administered prophylactically; that is, administered for pre-
vention of a disease or condition.

The term “contacting” as used herein refers to bringing a
disclosed compound and a cell, target receptor, or other bio-
logical entity together in such a manner that the compound
can affect the activity of the target (e.g., receptor, transcrip-
tion factor, cell, etc.), either directly; i.e., by interacting with
the target itself, or indirectly; i.e., by interacting with another
molecule, co-factor, factor, or protein on which the activity of
the target is dependent.

As used herein, the terms “effective amount” and “amount
effective” refer to an amount that is sufficient to achieve the
desired result or to have an effect on an undesired condition.
Forexample, a “therapeutically effective amount” refers to an
amount that is sufficient to achieve the desired therapeutic
result or to have an effect on undesired symptoms, but is
generally insufficient to cause adverse side effects. The spe-
cific therapeutically effective dose level for any particular
patient will depend upon a variety of factors including the
disorder being treated and the severity of the disorder; the
specific composition employed; the age, body weight, gen-
eral health, sex and diet of the patient; the time of adminis-
tration; the route of administration; the rate of excretion of the
specific compound employed; the duration of the treatment;
drugs used in combination or coincidental with the specific
compound employed and like factors well known in the medi-
cal arts. For example, it is well within the skill of the art to
start doses of a compound at levels lower than those required
to achieve the desired therapeutic effect and to gradually
increase the dosage until the desired effect is achieved. If
desired, the effective daily dose can be divided into multiple
doses for purposes of administration. Consequently, single
dose compositions can contain such amounts or submultiples
thereof to make up the daily dose. The dosage can be adjusted
by the individual physician in the event of any contraindica-
tions. Dosage can vary, and can be administered in one or
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more dose administrations daily, for one or several days.
Guidance can be found in the literature for appropriate dos-
ages for given classes of pharmaceutical products. In further
various aspects, a preparation can be administered in a “pro-
phylactically effective amount”; that is, an amount effective
for prevention of a disease or condition.

Asused herein, “EC,,,” is intended to refer to the concen-
tration or dose of a substance (e.g., a compound or a drug) that
is required for 50% enhancement or activation of a biological
process, or component of a process, including a protein, sub-
unit, organelle, ribonucleoprotein, etc. ECy, also refers to the
concentration or dose of a substance that is required for 50%
enhancement or activation in vivo, as further defined else-
where herein. Alternatively, EC,, can refer to the concentra-
tion or dose of compound that provokes a response halfway
between the baseline and maximum response. The response
can be measured in an in vitro or in vivo system as is conve-
nient and appropriate for the biological response of interest.
For example, the response can be measured in vitro using
cultured muscle cells or in an ex vivo organ culture system
with isolated muscle fibers. Alternatively, the response can be
measured in vivo using an appropriate research model such as
rodent, including mice and rats. The mouse or rat can be an
inbred strain with phenotypic characteristics of interest such
as obesity or diabetes. As appropriate, the response can be
measured in a transgenic or knockout mouse or rat wherein
the a gene or genes has been introduced or knocked-out, as
appropriate, to replicate a disease process.

As used herein, “ICy,,” is intended to refer to the concen-
tration or dose of a substance (e.g., a compound or a drug) that
is required for 50% inhibition or diminuation of a biological
process, or component of a process, including a protein, sub-
unit, organelle, ribonucleoprotein, etc. ICs, also refers to the
concentration or dose of a substance that is required for 50%
inhibition or diminuation in vivo, as further defined elsewhere
herein. Alternatively, IC,, also refers to the half maximal
(50%) inhibitory concentration (IC) or inhibitory dose of a
substance. The response can be measured in an in vitro or in
vivo system as is convenient and appropriate for the biologi-
cal response of interest. For example, the response can be
measured in vitro using cultured muscle cells or in an ex vivo
organ culture system with isolated muscle fibers. Alterna-
tively, the response can be measured in vivo using an appro-
priate research model such as rodent, including mice and rats.
The mouse or rat can be an inbred strain with phenotypic
characteristics of interest such as obesity or diabetes. As
appropriate, the response can be measured in a transgenic or
knockout mouse or rat wherein a gene or genes has been
introduced or knocked-out, as appropriate, to replicate a dis-
ease process.

The term “pharmaceutically acceptable” describes a mate-
rial that is not biologically or otherwise undesirable, i.e.,
without causing an unacceptable level of undesirable biologi-
cal effects or interacting in a deleterious manner.

Asused herein, the term “derivative” refers to a compound
having a structure derived from the structure of a parent
compound (e.g., a compound disclosed herein) and whose
structure is sufficiently similar to those disclosed herein and
based upon that similarity, would be expected by one skilled
in the art to exhibit the same or similar activities and utilities
as the claimed compounds, or to induce, as a precursor, the
same or similar activities and utilities as the claimed com-
pounds. Exemplary derivatives include salts, esters, amides,
salts of esters or amides, and N-oxides of a parent compound.

Asused herein, the term “pharmaceutically acceptable car-
rier” refers to sterile aqueous or nonaqueous solutions, dis-
persions, suspensions or emulsions, as well as sterile powders
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for reconstitution into sterile injectable solutions or disper-
sions just prior to use. Examples of suitable aqueous and
nonaqueous carriers, diluents, solvents or vehicles include
water, ethanol, polyols (such as glycerol, propylene glycol,
polyethylene glycol and the like), carboxymethylcellulose
and suitable mixtures thereof, vegetable oils (such as olive
oil) and injectable organic esters such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of coating
materials such as lecithin, by the maintenance of the required
particle size in the case of dispersions and by the use of
surfactants. These compositions can also contain adjuvants
such as preservatives, wetting agents, emulsifying agents and
dispersing agents. Prevention of the action of microorgan-
isms can be ensured by the inclusion of various antibacterial
and antifungal agents such as paraben, chlorobutanol, phenol,
sorbic acid and the like. It can also be desirable to include
isotonic agents such as sugars, sodium chloride and the like.
Prolonged absorption of the injectable pharmaceutical form
can be brought about by the inclusion of agents, such as
aluminum monostearate and gelatin, which delay absorption.
Injectable depot forms are made by forming microencapsule
matrices of the drug in biodegradable polymers such as poly-
lactide-polyglycolide, poly(orthoesters) and poly(anhy-
drides). Depending upon the ratio of drug to polymer and the
nature of the particular polymer employed, the rate of drug
release can be controlled. Depot injectable formulations are
also prepared by entrapping the drug in liposomes or micro-
emulsions which are compatible with body tissues. The
injectable formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter or by incorporat-
ing sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other
sterile injectable media just prior to use. Suitable inert carriers
can include sugars such as lactose. Desirably, at least 95% by
weight of the particles of the active ingredient have an effec-
tive particle size in the range of 0.01 to 10 micrometers.

A residue of a chemical species, as used in the specification
and concluding claims, refers to the moiety that is the result-
ing product of the chemical species in a particular reaction
scheme or subsequent formulation or chemical product,
regardless of whether the moiety is actually obtained from the
chemical species. Thus, an ethylene glycol residue in a poly-
ester refers to one or more —OCH,CH,O— units in the
polyester, regardless of whether ethylene glycol was used to
prepare the polyester. Similarly, a sebacic acid residue in a
polyester refers to one or more —CO(CH,);CO— moieties
in the polyester, regardless of whether the residue is obtained
by reacting sebacic acid or an ester thereof to obtain the
polyester.

As used herein, the term “substituted” is contemplated to
include all permissible substituents of organic compounds. In
a broad aspect, the permissible substituents include acyclic
and cyclic, branched and unbranched, carbocyclic and het-
erocyclic, and aromatic and nonaromatic substituents of
organic compounds. [llustrative substituents include, for
example, those described below. The permissible substituents
can be one or more and the same or different for appropriate
organic compounds. For purposes of this disclosure, the het-
eroatoms, such as nitrogen, can have hydrogen substituents
and/or any permissible substituents of organic compounds
described herein which satisfy the valences of the heteroat-
oms. This disclosure is not intended to be limited in any
manner by the permissible substituents of organic com-
pounds. Also, the terms “substitution” or “substituted with”
include the implicit proviso that such substitution is in accor-
dance with permitted valence of the substituted atom and the
substituent, and that the substitution results in a stable com-
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pound, e.g., acompound that does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimi-
nation, etc. It is also contemplated that, in certain aspects,
unless expressly indicated to the contrary, individual substitu-
ents can be further optionally substituted (i.e., further substi-
tuted or unsubstituted).

In defining various terms, “A',” “A%” “A®” and “A™*” are
used herein as generic symbols to represent various specific
substituents. These symbols can be any substituent, not lim-
ited to those disclosed herein, and when they are defined to be
certain substituents in one instance, they can, in another
instance, be defined as some other substituents.

The term “alkyl” as used herein is a branched or
unbranched saturated hydrocarbon group of 1 to 24 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, s-pentyl, neo-
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,
hexadecyl, eicosyl, tetracosyl, and the like. The alkyl group
can be cyclic or acyclic. The alkyl group can be branched or
unbranched. The alkyl group can also be substituted or unsub-
stituted. For example, the alkyl group can be substituted with
one or more groups including, but not limited to, alkyl,
cycloalkyl, alkoxy, amino, ether, halide, hydroxy, nitro, silyl,
sulfo-oxo, or thiol, as described herein. A “lower alkyl” group
is an alkyl group containing from one to six (e.g., from one to
four) carbon atoms.

Throughout the specification “alkyl” is generally used to
refer to both unsubstituted alkyl groups and substituted alkyl
groups; however, substituted alkyl groups are also specifi-
cally referred to herein by identitying the specific substitu-
ent(s) on the alkyl group. For example, the term “halogenated
alkyl” or “haloalky]” specifically refers to an alkyl group that
is substituted with one or more halide, e.g., fluorine, chlorine,
bromine, or iodine. The term “alkoxyalkyl” specifically refers
to an alkyl group that is substituted with one or more alkoxy
groups, as described below. The term “alkylamino” specifi-
cally refers to an alkyl group that is substituted with one or
more amino groups, as described below, and the like. When
“alkyl” is used in one instance and a specific term such as
“alkylalcohol” is used in another, it is not meant to imply that
the term “alky]” does not also refer to specific terms such as
“alkylalcohol” and the like.

This practice is also used for other groups described herein.
That is, while a term such as “cycloalkyl” refers to both
unsubstituted and substituted cycloalkyl moieties, the substi-
tuted moieties can, in addition, be specifically identified
herein; for example, a particular substituted cycloalkyl can be
referred to as, e.g., an “alkylcycloalkyl.” Similarly, a substi-
tuted alkoxy can be specifically referred to as, e.g., a “halo-
genated alkoxy,” a particular substituted alkenyl can be, e.g.,
an “alkenylalcohol,” and the like. Again, the practice of using
a general term, such as “cycloalkyl,” and a specific term, such
as “alkylcycloalkyl,” is not meant to imply that the general
term does not also include the specific term.

The term “cycloalkyl” as used herein is a non-aromatic
carbon-based ring composed of at least three carbon atoms.
Examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl,
and the like. The term “heterocycloalkyl” is a type of
cycloalkyl group as defined above, and is included within the
meaning of the term “cycloalkyl,” where at least one of the
carbon atoms of the ring is replaced with a heteroatom such
as, butnot limited to, nitrogen, oxygen, sulfur, or phosphorus.
The cycloalkyl group and heterocycloalkyl group can be sub-
stituted or unsubstituted. The cycloalkyl group and heterocy-
cloalkyl group can be substituted with one or more groups
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including, but not limited to, alkyl, cycloalkyl, alkoxy, amino,
ether, halide, hydroxy, nitro, silyl, sulfo-oxo, or thiol as
described herein.

The term “polyalkylene group” as used herein is a group
having two or more CH, groups linked to one another. The
polyalkylene group can be represented by the formula
—(CH,),—, where “a” is an integer of from 2 to 500.

The terms “alkoxy” and “alkoxyl” as used herein to refer to
an alkyl or cycloalkyl group bonded through an ether linkage;
that is, an “alkoxy” group can be defined as —OA' where A’
is alkyl or cycloalkyl as defined above. “Alkoxy” also
includes polymers of alkoxy groups as just described; that is,
an alkoxy can be a polyether such as —OA'-QA? or OA'-
(OA?),-OA>, where “a” is an integer of from 1 to 200 and A*,
A2, and A? are alkyl and/or cycloalkyl groups.

The term “alkenyl” as used herein is a hydrocarbon group
of from 2 to 24 carbon atoms with a structural formula con-
taining at least one carbon-carbon double bond. Asymmetric
structures such as (A'A®)C—C(A’A*) are intended to
include both the E and Z isomers. This can be presumed in
structural formulae herein wherein an asymmetric alkene is
present, or it can be explicitly indicated by the bond symbol
C—C. The alkenyl group can be substituted with one or more
groups including, but not limited to, alkyl, cycloalkyl, alkoxy,
alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol, as
described herein.

The term “cycloalkenyl” as used herein is a non-aromatic
carbon-based ring composed of at least three carbon atoms
and containing at least one carbon-carbon double bound, i.e.,
C—C. Examples of cycloalkenyl groups include, but are not
limited to, cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclopentadienyl, cyclohexenyl, cyclohexadienyl, norborne-
nyl, and the like. The term “heterocycloalkenyl” is a type of
cycloalkenyl group as defined above, and is included within
the meaning of the term “cycloalkenyl,” where at least one of
the carbon atoms of the ring is replaced with a heteroatom
such as, but not limited to, nitrogen, oxygen, sulfur, or phos-
phorus. The cycloalkenyl group and heterocycloalkenyl
group can be substituted or unsubstituted. The cycloalkenyl
group and heterocycloalkenyl group can be substituted with
one or more groups including, but not limited to, alkyl,
cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester,
ether, halide, hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, or
thiol as described herein.

The term “alkynyl” as used herein is a hydrocarbon group
of'2 to 24 carbon atoms with a structural formula containing
at least one carbon-carbon triple bond. The alkynyl group can
be unsubstituted or substituted with one or more groups
including, but not limited to, alkyl, cycloalkyl, alkoxy, alk-
enyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol, as
described herein.

The term “cycloalkynyl” as used herein is a non-aromatic
carbon-based ring composed of at least seven carbon atoms
and containing at least one carbon-carbon triple bound.
Examples of cycloalkynyl groups include, but are not limited
to, cycloheptynyl, cyclooctynyl, cyclononynyl, and the like.
The term “heterocycloalkynyl” is a type of cycloalkenyl
group as defined above, and is included within the meaning of
the term “cycloalkynyl,” where at least one of the carbon
atoms of the ring is replaced with a heteroatom such as, but
not limited to, nitrogen, oxygen, sulfur, or phosphorus. The
cycloalkynyl group and heterocycloalkynyl group can be sub-
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stituted or unsubstituted. The cycloalkynyl group and hetero-
cycloalkynyl group can be substituted with one or more
groups including, but not limited to, alkyl, cycloalkyl, alkoxy,
alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol as
described herein.

The term “aryl” as used herein is a group that contains any
carbon-based aromatic group including, but not limited to,
benzene, naphthalene, phenyl, biphenyl, phenoxybenzene,
and the like. The term “aryl” also includes “heteroaryl,”
which is defined as a group that contains an aromatic group
that has at least one heteroatom incorporated within the ring
of'the aromatic group. Examples of heteroatoms include, but
are not limited to, nitrogen, oxygen, sulfur, and phosphorus.
Likewise, the term “non-heteroaryl,” which is also included
in the term “aryl,” defines a group that contains an aromatic
group that does not contain a heteroatom. The aryl group can
be substituted or unsubstituted. The aryl group can be substi-
tuted with one or more groups including, but not limited to,
alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic
acid, ester, ether, halide, hydroxy, ketone, azide, nitro, silyl,
sulfo-oxo, or thiol as described herein. The term “biaryl” is a
specific type of aryl group and is included in the definition of
“aryl.” Biaryl refers to two aryl groups that are bound together
via a fused ring structure, as in naphthalene, or are attached
via one or more carbon-carbon bonds, as in biphenyl.

The term “aldehyde” as used herein is represented by the
formula —C(O)H. Throughout this specification “C(O)” is a
short hand notation for a carbonyl group, i.e., C—0.

The terms “amine” or “amino” as used herein are repre-
sented by the formula NA'A?, where A' and A” can be, inde-
pendently, hydrogen or alkyl, cycloalkyl, alkenyl, cycloalk-
enyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group as
described herein.

The term “alkylamino” as used herein is represented by the
formula —NH(-alkyl) where alkyl is a described herein. Rep-
resentative examples include, but are not limited to, methy-
lamino group, ethylamino group, propylamino group, isopro-
pylamino group, butylamino group, isobutylamino group,
(sec-butyl)amino group, (tert-butyl)amino group, penty-
lamino group, isopentylamino group, (tert-pentyl)amino
group, hexylamino group, and the like.

The term “dialkylamino” as used herein is represented by
the formula —N(-alkyl), where alkyl is a described herein.
Representative examples include, but are not limited to, dim-
ethylamino group, diethylamino group, dipropylamino
group, diisopropylamino group, dibutylamino group,
diisobutylamino group, di(sec-butyl)amino group, di(tert-bu-
tyl)amino group, dipentylamino group, diisopentylamino
group, di(tert-pentyl)amino group, dihexylamino group,
N-ethyl-N-methylamino group, N-methyl-N-propylamino
group, N-ethyl-N-propylamino group and the like.

The term “carboxylic acid” as used herein is represented by
the formula C(O)OH.

The term “ester” as used herein is represented by the for-
mula —OC(O)A® or C(O)OA', where A' can be alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein. The term “poly-
ester” as used herein is represented by the formula -(A'O(0O)
C-A%-C(0)0),— or -(A'O(0)C-A%-0C(0)),—, where A’
and A? can be, independently, an alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
described herein and “a” is an integer from 1 to 500. “Poly-
ester” is as the term used to describe a group that is produced
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by the reaction between a compound having at least two
carboxylic acid groups with a compound having at least two
hydroxyl groups.

The term “ether” as used herein is represented by the for-
mula A'OA?, where A* and A? can be, independently, an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group described herein. The term
“polyether” as used herein is represented by the formula
-(A'0-A%0),—, where A! and A? can be, independently, an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group described herein and “a” is an
integer of from 1 to 500. Examples of polyether groups
include polyethylene oxide, polypropylene oxide, and poly-
butylene oxide.

The term “halide” as used herein refers to the halogens
fluorine, chlorine, bromine, and iodine.

The term “heterocycle,” as used herein refers to single and
multi-cyclic aromatic or non-aromatic ring systems in which
at least one of the ring members is other than carbon. Hetero-
cycle includes azetidine, dioxane, furan, imidazole, isothiaz-
ole, isoxazole, morpholine, oxazole, oxazole, including, 1,2,
3-oxadiazole, 1,2,5-oxadiazole and 1,3,4-oxadiazole,
piperazine, piperidine, pyrazine, pyrazole, pyridazine, pyri-
dine, pyrimidine, pyrrole, pyrrolidine, tetrahydrofuran, tet-
rahydropyran, tetrazine, including 1,2.4,5-tetrazine, tetra-
zole, including 1,2,34-tetrazole and 1,2,4,5-tetrazole,
thiadiazole, including, 1,2,3-thiadiazole, 1,2,5-thiadiazole,
and 1,3,4-thiadiazole, thiazole, thiophene, triazine, including
1,3,5-triazine and 1,2,4-triazine, triazole, including, 1,2,3-
triazole, 1,3,4-triazole, and the like.

The term “hydroxyl” as used herein is represented by the
formula —OH.

The term “ketone” as used herein is represented by the
formula A’C(O)A?, where A" and A® can be, independently,
an alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, or heteroaryl group as described herein.

The term “azide” as used herein is represented by the
formula —Nj.

The term “nitro” as used herein is represented by the for-
mula —NO,.

The term “nitrile” as used herein is represented by the
formula —CN.

The term “silyl” as used herein is represented by the for-
mula —SiA*A%A®, where A', A% and A® can be, indepen-
dently, hydrogen or an alkyl, cycloalkyl, alkoxy, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
as described herein.

The term “sulfo-oxo0” as used herein is represented by the
formulas —S(O)A!, S(0),A', —OS(0),A', or —0S(0),
OA', where A’ can be hydrogen or an alkyl, cycloalkyl, alk-
enyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl
group as described herein. Throughout this specification
“S(0)” is a short hand notation for S—O. The term “sulfonyl”
is used herein to refer to the sulfo-oxo group represented by
the formula —S(0),A', where A' can be hydrogen or an
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group as described herein. The term
“sulfone” as used herein is represented by the formula A'S
(0),A?, where A* and A® can be, independently, an alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein. The term “sul-
foxide™ as used herein is represented by the formula A'S(O)
A?, where A' and A? can be, independently, an alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein.

The term “thiol” as used herein is represented by the for-
mula —SH.
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“R!?“R2”“R3”“R" where nis an integer, as used herein
can, independently, possess one or more of the groups listed
above. For example, if R! is a straight chain alkyl group, one
of the hydrogen atoms of the alkyl group can optionally be
substituted with a hydroxyl group, an alkoxy group, an alkyl
group, a halide, and the like. Depending upon the groups that
are selected, a first group can be incorporated within second
group or, alternatively, the first group can be pendant (i.e.,
attached) to the second group. For example, with the phrase
“an alkyl group comprising an amino group,” the amino
group can be incorporated within the backbone of the alkyl
group. Alternatively, the amino group can be attached to the
backbone of the alkyl group. The nature of the group(s) that is
(are) selected will determine if the first group is embedded or
attached to the second group.

As described herein, compounds of the invention may con-
tain “optionally substituted” moieties. In general, the term
“substituted,” whether preceded by the term “optionally” or
not, means that one or more hydrogens of the designated
moiety are replaced with a suitable substituent. Unless oth-
erwise indicated, an “optionally substituted” group may have
a suitable substituent at each substitutable position of the
group, and when more than one position in any given struc-
ture may be substituted with more than one substituent
selected from a specified group, the substituent may be either
the same or different at every position. Combinations of sub-
stituents envisioned by this invention are preferably those that
result in the formation of stable or chemically feasible com-
pounds. In is also contemplated that, in certain aspects, unless
expressly indicated to the contrary, individual substituents
can be further optionally substituted (i.e., further substituted
or unsubstituted).

The term “stable,” as used herein, refers to compounds that
are not substantially altered when subjected to conditions to
allow for their production, detection, and, in certain aspects,
their recovery, purification, and use for one or more of the
purposes disclosed herein.

Suitable monovalent substituents on a substitutable carbon
atom of an “optionally substituted” group are independently
halogen; —(CH,),_,R" —(CH,), ,OR"; —O(CH,), 4R,
—O—(CH,)5.4C(O)OR?; —(CH,)o.4CH(OR"),;
—(CH,)o4SR°; —(CH,),_,Ph, which may be substituted
with R°; —(CH,),_,O(CH,),_, Ph which may be substituted
with R°; —CH-—CHPh, which may be substituted with R";
—(CH,)y_4O(CH,),_; -pyridyl which may be substituted with
R? —NO,; —CN; —Nj; —(CH,)0.4N(R"),; —(CH,)o N
(R)C(O)R®; —N(R*)C(SR?; —(CH), NR)C(O)NR",;
—NRO)C(S)NR,; —(CH,),,N(R*)C(O)JOR”; —N(R*)N
(RC(O)R®; —N(R*)N(R)C(O)NR®,; —N(R°)N(R*)C
(O)OR?; —(CH,)o4C(O)R”; —C(S)R7; —(CH,)0.4C(0)
OR?%; —(CH,), 4C(O)SR; —(CH,),_4C(O)OSIR";
—(CH,),,OC(O)R"; —OC(O)(CH,),.,SR—, SC(S)SR*;
—(CH,)4SC(O)R”; —(CH,),.4C(O)NR”;; —C(S)NR”;;
—C(S)SR°; —SC(S)SR°, —(CH,),_,OC(O)NR*°,; —C(O)
N(OR")R"; —C(O)C(O)R"; —C(O)CH,C(O)R";
—C(NOR*)R®;  —(CH,),SSR%  —(CH,),.S(O),R*;
—(CH,)045(0),0R”; —(CH,)o4O8(0),R"; —S(O),NR";;
—(CH,),,S(O)R"; —N(R*)S(0),NR",; —N(R*)S(0),R*;
—N(OR")R"; —C(NH)NR",; —P(O),R*; —P(O)R";;
—OP(O)R",; —OP(O)(OR"),; SiR°;; —(C,_, straight or
branched)alkylene)O—N(R®°,; or —(C,, straight or
branched)alkylene)C(O)O—N(R"),, wherein each R® may
be substituted as defined below and is independently hydro-
gen, C, , aliphatic, —CH,Ph, —O(CH,),_,Ph, —CH,-(5-6
membered heteroaryl ring), or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or,
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notwithstanding the definition above, two independent occur-
rences of R®, taken together with their intervening atom(s),
form a 3-12-membered saturated, partially unsaturated, or
aryl mono- or bicyclic ring having 0-4 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, which may
be substituted as defined below.

Suitable monovalent substituents on R° (or the ring formed
by taking two independent occurrences of R° together with
their intervening atoms), are independently halogen,
~—(CH,),,R®, -(haloR®), —(CH,), ,OH, —(CH,), ,OR®,
—(CH,),,CH(OR®),; —O(haloR®), —CN, —N,,
—(CH,),,C(O)R®, —(CH,), ,C(O)OH, —(CH,),,C(O)
OR®, —(CH,), ,SR®, —(CH,),,SH, —(CH),,NH,,
—(CH,),,NHR®, —(CH,),,NR®,, —NO,, —SiR®,,
—OSiR®,, —C(O)SR®, —(C,_, straight or branched alky-
lene)C(OYOR®, or —SSR*® wherein each R® is unsubsti-
tuted or where preceded by “halo” is substituted only with one
or more halogens, and is independently selected from C,
aliphatic, —CH,Ph, —O(CH,),_,Ph, or a 5-6-membered
saturated, partially unsaturated, or aryl ring having 0-4 het-
eroatoms independently selected from nitrogen, oxygen, or
sulfur. Suitable divalent substituents on a saturated carbon
atom of R° include —O and —S.

Suitable divalent substituents on a saturated carbon atom of
an “optionally substituted” group include the following: —O,
—S, =—NNR¥*,, —NNHC(O)R*, —NNHC(O)OR¥,
—NNHS(0),R*, —NR*, —NOR*, —O(C(R*,)), ;O0—, or
—S(C(R*,)), 38—, wherein each independent occurrence of
R* is selected from hydrogen, C, ¢ aliphatic which may be
substituted as defined below, or an unsubstituted 5-6-mem-
bered saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen, oxygen,
or sulfur. Suitable divalent substituents that are bound to
vicinal substitutable carbons of an “optionally substituted”
group include: —O(CR*,), ;O—, wherein each independent
occurrence of R* is selected from hydrogen, C, ¢ aliphatic
which may be substituted as defined below, or an unsubsti-
tuted 5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur.

Suitable substituents on the aliphatic group of R* include
halogen, —R*®, -(haloR®), —OH, —OR®, —O(haloR*®),
—CN, —C(O)OH, —C(O)OR®, —NH,, —NHR®,
—NR®,, or —NO,, wherein each R® is unsubstituted or
where preceded by “halo” is substituted only with one or
more halogens, and is independently C,_ aliphatic,
—CH,Ph, —O(CH,),_,Ph, or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

Suitable substituents on a substitutable nitrogen of an
“optionally substituted” group include —RY, —NRT,,
—C(O)RT, —C(O)ORT, —C(O)C(O)RT, —C(O)CH,C(O)
R, —S(0),RT, —S(O),NRT,, —C(S)NR',, —C(NH)NR",,
or —N(RNS(O),RT; wherein each R is independently
hydrogen, C, , aliphatic which may be substituted as defined
below, unsubstituted —OPh, or an unsubstituted 5-6-mem-
bered saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen, oxygen,
or sulfur, or, notwithstanding the definition above, two inde-
pendent occurrences of R¥, taken together with their interven-
ing atom(s) form an unsubstituted 3-12-membered saturated,
partially unsaturated, or aryl mono- or bicyclic ring having
0-4 heteroatoms independently selected from nitrogen, oxy-
gen, or sulfur.

Suitable substituents on the aliphatic group of RT are inde-
pendently halogen, —R®, -(haloR®), —OH, —OR®,
—O(haloR®), —CN, —C(O)OH, —C(O)OR®, —NH,,
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—NHR®, —NR.z, or —NO,, wherein each R*® is unsubsti-
tuted or where preceded by “halo” is substituted only with one
or more halogens, and is independently C,_, aliphatic,
—CH,Ph, —O(CH,),_,Ph, or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

The term “leaving group” refers to an atom (or a group of
atoms) with electron withdrawing ability that can be dis-
placed as a stable species, taking with it the bonding elec-
trons. Examples of suitable leaving groups include halides
and sulfonate esters, including, but not limited to, triflate,
mesylate, tosylate, and brosylate.

The terms “hydrolysable group” and “hydrolysable moi-
ety” refer to a functional group capable of undergoing
hydrolysis, e.g., under basic or acidic conditions. Examples
of hydrolysable residues include, without limitation, acid
halides, activated carboxylic acids, and various protecting
groups known inthe art (see, for example, “Protective Groups
in Organic Synthesis,” T. W. Greene, P. G. M. Wuts, Wiley-
Interscience, 1999).

The term “organic residue” defines a carbon containing
residue, i.e., a residue comprising at least one carbon atom,
and includes but is not limited to the carbon-containing
groups, residues, or radicals defined hereinabove. Organic
residues can contain various heteroatoms, or be bonded to
another molecule through a heteroatom, including oxygen,
nitrogen, sulfur, phosphorus, or the like. Examples of organic
residues include but are not limited alkyl or substituted alkyls,
alkoxy or substituted alkoxy, mono or di-substituted amino,
amide groups, etc. Organic residues can preferably comprise
1 to 18 carbon atoms, 1 to 15, carbon atoms, 1 to 12 carbon
atoms, 1 to 8 carbon atoms, 1 to 6 carbon atoms, or 1 to 4
carbon atoms. In a further aspect, an organic residue can
comprise 2 to 18 carbon atoms, 2 to 15, carbon atoms, 2 to 12
carbon atoms, 2 to 8 carbon atoms, 2 to 4 carbon atoms, or 2
to 4 carbon atoms.

A very close synonym of the term “residue” is the term
“radical,” which as used in the specification and concluding
claims, refers to a fragment, group, or substructure of a mol-
ecule described herein, regardless of how the molecule is
prepared. For example, a 2,4-thiazolidinedione radical in a
particular compound has the structure

regardless of whether thiazolidinedione is used to prepare the
compound. In some embodiments the radical (for example an
alkyl) can be further modified (i.e., substituted alkyl) by hav-
ing bonded thereto one or more “substituent radicals.” The
number of atoms in a given radical is not critical to the present
invention unless it is indicated to the contrary elsewhere
herein.

“Organic radicals,” as the term is defined and used herein,
contain one or more carbon atoms. An organic radical can
have, for example, 1-26 carbon atoms, 1-18 carbon atoms,
1-12 carbon atoms, 1-8 carbon atoms, 1-6 carbon atoms, or
1-4 carbon atoms. In a further aspect, an organic radical can
have 2-26 carbon atoms, 2-18 carbon atoms, 2-12 carbon
atoms, 2-8 carbon atoms, 2-6 carbon atoms, or 2-4 carbon
atoms. Organic radicals often have hydrogen bound to at least
some of the carbon atoms of the organic radical. One
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example, of an organic radical that comprises no inorganic
atoms is a 5,6,7,8-tetrahydro-2-naphthyl radical. In some
embodiments, an organic radical can contain 1-10 inorganic
heteroatoms bound thereto or therein, including halogens,
oxygen, sulfur, nitrogen, phosphorus, and the like. Examples
of organic radicals include but are not limited to an alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, mono-
substituted amino, di-substituted amino, acyloxy, cyano, car-
boxy, carboalkoxy, alkylcarboxamide, substituted alkylcar-
boxamide, dialkylcarboxamide, substituted
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl,
thiohaloalkyl, alkoxy, substituted alkoxy, haloalkyl,
haloalkoxy, aryl, substituted aryl, heteroaryl, heterocyclic, or
substituted heterocyclic radicals, wherein the terms are
defined elsewhere herein. A few non-limiting examples of
organic radicals that include heteroatoms include alkoxy
radicals, trifluoromethoxy radicals, acetoxy radicals, dim-
ethylamino radicals and the like.

“Inorganic radicals,” as the term is defined and used herein,
contain no carbon atoms and therefore comprise only atoms
other than carbon. Inorganic radicals comprise bonded com-
binations of atoms selected from hydrogen, nitrogen, oxygen,
silicon, phosphorus, sulfur, selenium, and halogens such as
fluorine, chlorine, bromine, and iodine, which can be present
individually or bonded together in their chemically stable
combinations. Inorganic radicals have 10 or fewer, or prefer-
ably one to six or one to four inorganic atoms as listed above
bonded together. Examples of inorganic radicals include, but
not limited to, amino, hydroxy, halogens, nitro, thiol, sulfate,
phosphate, and like commonly known inorganic radicals. The
inorganic radicals do not have bonded therein the metallic
elements of the periodic table (such as the alkali metals,
alkaline earth metals, transition metals, lanthanide metals, or
actinide metals), although such metal ions can sometimes
serve as a pharmaceutically acceptable cation for anionic
inorganic radicals such as a sulfate, phosphate, or like anionic
inorganic radical. Inorganic radicals do not comprise metal-
loids elements such as boron, aluminum, gallium, germa-
nium, arsenic, tin, lead, or tellurium, or the noble gas ele-
ments, unless otherwise specifically indicated elsewhere
herein.

Compounds described herein can contain one or more
double bonds and, thus, potentially give rise to cis/trans (E/Z)
isomers, as well as other conformational isomers. Unless
stated to the contrary, the invention includes all such possible
isomers, as well as mixtures of such isomers.

Unless stated to the contrary, a formula with chemical
bonds shown only as solid lines and not as wedges or dashed
lines contemplates each possible isomer, e.g., each enanti-
omer and diastereomer, and a mixture of isomers, such as a
racemic or scalemic mixture. Compounds described herein
can contain one or more asymmetric centers and, thus, poten-
tially give rise to diastereomers and optical isomers. Unless
stated to the contrary, the present invention includes all such
possible diastereomers as well as their racemic mixtures, their
substantially pure resolved enantiomers, all possible geomet-
ric isomers, and pharmaceutically acceptable salts thereof.
Mixtures of stereoisomers, as well as isolated specific stere-
oisomers, are also included. During the course of the syn-
thetic procedures used to prepare such compounds, or in
using racemization or epimerization procedures known to
those skilled in the art, the products of such procedures can be
a mixture of stereoisomers.

Many organic compounds exist in optically active forms
having the ability to rotate the plane of plane-polarized light.
In describing an optically active compound, the prefixes D
and L or R and S are used to denote the absolute configuration
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of the molecule about its chiral center(s). The prefixes d and
lor (+) and (-) are employed to designate the sign of rotation
of plane-polarized light by the compound, with (-) or mean-
ing that the compound is levorotatory. A compound prefixed
with (+) or d is dextrorotatory. For a given chemical structure,
these compounds, called stereoisomers, are identical except
that they are non-superimposable mirror images of one
another. A specific stereoisomer can also be referred to as an
enantiomer, and a mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers is
referred to as a racemic mixture. Many of the compounds
described herein can have one or more chiral centers and
therefore can exist in different enantiomeric forms. If desired,
a chiral carbon can be designated with an asterisk (*). When
bonds to the chiral carbon are depicted as straight lines in the
disclosed formulas, it is understood that both the (R) and (S)
configurations of the chiral carbon, and hence both enanti-
omers and mixtures thereof, are embraced within the formula.
As is used in the art, when it is desired to specify the absolute
configuration about a chiral carbon, one of the bonds to the
chiral carbon can be depicted as a wedge (bonds to atoms
above the plane) and the other can be depicted as a series or
wedge of short parallel lines is (bonds to atoms below the
plane). The Cahn-Inglod-Prelog system can be used to assign
the (R) or (S) configuration to a chiral carbon.

Compounds described herein comprise atoms in both their
natural isotopic abundance and in non-natural abundance.
The disclosed compounds can be isotopically-labeled or iso-
topically-substituted compounds identical to those described,
but for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the
atomic mass or mass number typically found in nature.
Examples of isotopes that can be incorporated into com-
pounds ofthe invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorous, fluorine and chlorine, such as
H, °H, 3C, C, N, #0, 170, 338, ®F and *°Cl, respec-
tively. Compounds further comprise prodrugs thereof, and
pharmaceutically acceptable salts of said compounds or of
said prodrugs which contain the aforementioned isotopes
and/or other isotopes of other atoms are within the scope of
this invention. Certain isotopically-labelled compounds of
the present invention, for example those into which radioac-
tive isotopes such as *H and *C are incorporated, are useful
in drug and/or substrate tissue distribution assays. Tritiated,
i.e., *°H, and carbon-14, i.e., **C, isotopes are particularly
preferred for their ease of preparation and detectability. Fur-
ther, substitution with heavier isotopes such as deuterium,
i.e., 2H, can afford certain therapeutic advantages resulting
from greater metabolic stability, for example increased in
vivo half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances. Isotopically labeled
compounds of the present invention and prodrugs thereof can
generally be prepared by carrying out the procedures below,
by substituting a readily available isotopically labeled reagent
for a non-isotopically labeled reagent.

The compounds described in the invention can be present
as a solvate. In some cases, the solvent used to prepare the
solvate is an aqueous solution, and the solvate is then often
referred to as a hydrate. The compounds can be present as a
hydrate, which can be obtained, for example, by crystalliza-
tion from a solvent or from aqueous solution. In this connec-
tion, one, two, three or any arbitrary number of solvate or
water molecules can combine with the compounds according
to the invention to form solvates and hydrates. Unless stated
to the contrary, the invention includes all such possible sol-
vates.

The term “co-crystal” means a physical association of two
or more molecules which owe their stability through non-
covalent interaction. One or more components of this
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molecular complex provide a stable framework in the crys-
talline lattice. In certain instances, the guest molecules are
incorporated in the crystalline lattice as anhydrates or sol-
vates, see e.g. “Crystal Engineering of the Composition of
Pharmaceutical Phases. Do Pharmaceutical Co-crystals Rep-
resent a New Path to Improved Medicines?”” Almarasson, O.,
et. al., The Royal Society of Chemistry, 1889-1896, 2004.
Examples of co-crystals include p-toluenesulfonic acid and
benzenesulfonic acid.

It is also appreciated that certain compounds described
herein can be present as an equilibrium of tautomers. For
example, ketones with an a-hydrogen can exist in an equilib-
rium of the keto form and the enol form.

fo) OH
— \
H H H
keto form enol form
(¢]
OH
N _ ™
| N
H

amide form imidic acid form

Likewise, amides with an N-hydrogen can exist in an equi-
librium of the amide form and the imidic acid form. Unless
stated to the contrary, the invention includes all such possible
tautomers.

Itis known that chemical substances form solids which are
present in different states of order which are termed polymor-
phic forms or modifications. The different modifications of'a
polymorphic substance can differ greatly in their physical
properties. The compounds according to the invention can be
present in different polymorphic forms, with it being possible
for particular modifications to be metastable. Unless stated to
the contrary, the invention includes all such possible poly-
morphic forms.

In some aspects, a structure of a compound can be repre-
sented by a formula:

NS

R?

P
which is understood to be equivalent to a formula:

RA@

RA®

R R#®),

RHD

wherein n is typically an integer. That is, R” is understood to
represent five independent substituents, R, R"®) R™),
R"@, R"®, By “independent substituents,” it is meant that
each R substituent can be independently defined. For
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example, if in one instance R” is halogen, then R™* is not
necessarily halogen in that instance.

Certain materials, compounds, compositions, and compo-
nents disclosed herein can be obtained commercially or
readily synthesized using techniques generally known to
those of skill in the art. For example, the starting materials and
reagents used in preparing the disclosed compounds and
compositions are either available from commercial suppliers
such as Aldrich Chemical Co., (Milwaukee, Wis.), Acros
Organics (Morris Plains, N.J.), Fisher Scientific (Pittsburgh,
Pa.), or Sigma (St. Louis, Mo.) or are prepared by methods
known to those skilled in the art following procedures set
forth in references such as Fieser and Fieser’s Reagents for
Organic Synthesis, Volumes 1-17 (John Wiley and Sons,
1991); Rodd’s Chemistry of Carbon Compounds, Volumes
1-5 and Supplementals (Elsevier Science Publishers, 1989);
Organic Reactions, Volumes 1-40 (John Wiley and Sons,
1991); March’s Advanced Organic Chemistry, (John Wiley
and Sons, 4th Edition); and Larock’s Comprehensive Organic
Transformations (VCH Publishers Inc., 1989).

Unless otherwise expressly stated, it is in no way intended
that any method set forth herein be construed as requiring that
its steps be performed in a specific order. Accordingly, where
a method claim does not actually recite an order to be fol-
lowed by its steps or it is not otherwise specifically stated in
the claims or descriptions that the steps are to be limited to a
specific order, it is no way intended that an order be inferred,
in any respect. This holds for any possible non-express basis
for interpretation, including: matters of logic with respect to
arrangement of steps or operational flow; plain meaning
derived from grammatical organization or punctuation; and
the number or type of embodiments described in the specifi-
cation.

Disclosed are the components to be used to prepare the
compositions of the invention as well as the compositions
themselves to be used within the methods disclosed herein.
These and other materials are disclosed herein, and it is under-
stood that when combinations, subsets, interactions, groups,
etc. of these materials are disclosed that while specific refer-
ence of each various individual and collective combinations
and permutation of these compounds cannot be explicitly
disclosed, each is specifically contemplated and described
herein. For example, if a particular compound is disclosed
and discussed and a number of modifications that can be made
to a number of molecules including the compounds are dis-
cussed, specifically contemplated is each and every combi-
nation and permutation of the compound and the modifica-
tions that are possible unless specifically indicated to the
contrary. Thus, if a class of molecules A, B, and C are dis-
closed as well as a class of molecules D, E, and F and an
example of a combination molecule, A-D is disclosed, then
even if each is not individually recited each is individually
and collectively contemplated meaning combinations, A-E,
A-F, B-D, B-E, B-F, C-D, C-E, and C-F are considered dis-
closed. Likewise, any subset or combination of these is also
disclosed. Thus, for example, the sub-group of A-E, B-F, and
C-E would be considered disclosed. This concept applies to
all aspects of this application including, but not limited to,
steps in methods of making and using the compositions of the
invention. Thus, if there are a variety of additional steps that
can be performed itis understood that each of these additional
steps can be performed with any specific embodiment or
combination of embodiments of the methods of the invention.

It is understood that the compositions disclosed herein
have certain functions. Disclosed herein are certain structural
requirements for performing the disclosed functions, and it is
understood that there are a variety of structures that can
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perform the same function that are related to the disclosed
structures, and that these structures will typically achieve the
same result.

B. COMPOUNDS

In one aspect, the invention relates to compounds useful in
methods to promote muscle hypertrophy by providing to a
subject in need thereof an effective amount of a compound or
an analog thereof selected from among the compounds
described herein. In another aspect, the invention relates to
compounds useful in methods to decrease adiposity by pro-
viding to a subject in need thereof an effective amount of a
compound or an analog thereof selected from among the
compounds described herein. In another aspect, the invention
relates to compounds useful in methods to inhibit muscle
atrophy by providing to a subject in need thereof an effective
amount of a compound or an analog thereof selected from
among the compounds described herein, and pharmaceutical
compositions comprising compounds used in the methods. In
a further aspect, the invention relates to compounds identified
using muscle atrophy signature-1, muscle atrophy signature-
2, or both muscle atrophy signatures. In a further aspect, the
invention relates to compounds useful in methods to modu-
late muscle health, methods to inhibit muscle atrophy, meth-
ods to increase anabolic signaling, methods to increase pro-
tein synthesis, methods to increase mitochondria, methods to
increase muscle force generation, methods to increase muscle
strength, methods to increase exercise capacity, methods to
increase the growth of cultured skeletal muscle cells, methods
to reduce body fat, methods to reduce blood glucose, methods
to reduce blood triglycerides, methods to reduce blood cho-
lesterol, methods to reduce obesity, methods to reduce fatty
liver disease, and methods to reduce diabetes, and pharma-
ceutical compositions comprising compounds used in the
methods.

In one aspect, the compounds of the invention are useful in
the treatment of muscle disorders. In a further aspect, the
muscle disorder can be skeletal muscle atrophy secondary to
malnutrition, bed rest, neurologic disease (including multiple
sclerosis, amyotrophic lateral sclerosis, spinal muscular atro-
phy, critical illness neuropathy, spinal cord injury or periph-
eral nerve injury), orthopedic injury, casting, and other post-
surgical forms of limb immobilization, chronic disease
(including cancer, congestive heart failure, chronic pulmo-
nary disease, chronic renal failure, chronic liver disease, dia-
betes mellitus, Cushing syndrome, growth hormone defi-
ciency, IGF-1 deficiency, androgen deficiency, estrogen
deficiency, and chronic infections such as HIV/AIDS or
tuberculosis), burns, sepsis, other illnesses requiring
mechanical ventilation, drug-induced muscle disease (such
as glucorticoid-induced myopathy and statin-induced
myopathy), genetic diseases that primarily affect skeletal
muscle (such as muscular dystrophy and myotonic dystro-
phy), autoimmune diseases that affect skeletal muscle (such
as polymyositis and dermatomyositis), spaceflight, or age-
related sarcopenia.

It is contemplated that each disclosed derivative can be
optionally further substituted. It is also contemplated that any
one or more derivative can be optionally omitted from the
invention. It is understood that a disclosed compound can be
provided by the disclosed methods. It is also understood that
the disclosed compounds can be employed in the disclosed
methods of using.
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1. Tomatidine and Analogs

In one aspect, the compound can be a tomatidine analog.

In one aspect, the tomatidine analog has a structure repre-
sented by a formula:

oy
(0]
Npst

wherein R> is selected from H, C1-C6 alkyl, COR™,
C1-C6 alkylamino, C1-C6 dialkylamino, C6-C10 aryl,
C3-C10 cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocy-
clyl, wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 het-
eroaryl, and C2-C9 heterocyclyl are independently substi-
tuted with 0, 1, 2, or 3 substituents selected from halogen,
hydroxyl, cyano, amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6
monohaloalkyl, C1-C6 polyhaloalkyl, C1-C6 alkylamino,
and C1-C6 dialkylamino;

wherein R>? is selected from C1-C6 alkyl, C1-C6 mono-
haloalkyl, C1-C6 polyhaloalkyl, C6-C10 aryl, C3-C10
cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocyclyl,
wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 heteroaryl,
and C2-C9 heterocyclyl are independently substituted with O,
1,2, or 3 substituents selected from halogen, hydroxyl, cyano,
amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 monohaloalkyl,
C1-C6 polyhaloalkyl, C1-C6 alkylamino, and C1-C6 dialky-
lamino;

wherein 7> is selected from 0, S, and NR>*;

wherein R>* is selected from H, C1-C6 alkyl, COR®,

C1-C6 alkylamino, C1-C6 dialkylamino, C6-C10 aryl,
C3-C10 cycloalkyl, C5-C9 heteroaryl, and C2-C9 het-
erocyclyl, wherein C6-C10 aryl, C3-C10 cycloalkyl,
C5-C9 heteroaryl, and C2-C9 heterocyclyl are indepen-
dently substituted with O, 1, 2, or 3 substituents selected
from halogen, hydroxyl, cyano, amino, C1-C6 alkyl,
C1-C6 alkoxy, C1-C6 monohaloalkyl, C1-C6 polyha-
loalkyl, C1-C6 alkylamino, and C1-C6 dialkylamino;
wherein R>’ is selected from C1-C6 alkyl, C1-C6 mono-
haloalkyl, C1-C6 polyhaloalkyl, C6-C10 aryl, C3-C10
cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocyclyl,
wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 heteroaryl,
and C2-C9 heterocyclyl are independently substituted with O,
1,2, or 3 substituents selected from halogen, hydroxyl, cyano,
amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 monohaloalkyl,
C1-C6 polyhaloalkyl, C1-C6 alkylamino, and C1-C6 dialky-
lamino; or a stereoisomer, tautomer, solvate, or pharmaceu-
tically acceptable salt thereof.

In one aspect, R*! is selected from H, C1-C6 alkyl and
COR??, wherein R* is C1-C6 alkyl. In another aspect, R>* is
H. In another aspect, Z°! is NR>*. In another aspect, Z>* is
NR>*, wherein R>* is selected from H, C1-C6 alkyl, and
COR?®, wherein R*® is C1-C6 alkyl.
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In another aspect, R is selected from H, C1-C6 alkyl and
COR?>?, wherein R>®is C1-C6 alkyl; and Z°* is NR>*, wherein
R>*isselected from H, C1-C6 alkyl, and COR>, wherein R>*
is C1-C6 alkyl. In another aspect, R>* and R>* are identical.

In another aspect, the structure is represented by the for-
mula:

mula:

2. Dehydrotomatidine and Analogs

In various aspects, the compound can be a dehydrotomati-
dine analog.

Inoneaspect, the dehydrotomatidine analog has a structure
represented by a formula:

wherein R>! is selected from H, C1-C6 alkyl, COR>?,
C1-C6 alkylamino, C1-C6 dialkylamino, C6-C10 aryl,
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C3-C10 cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocy-
clyl, wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 het-
eroaryl, and C2-C9 heterocyclyl are independently substi-
tuted with 0, 1, 2, or 3 substituents selected from halogen,
hydroxyl, cyano, amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6
monohaloalkyl, C1-C6 polyhaloalkyl, C1-C6 alkylamino,
and C1-C6 dialkylamino;

wherein R is selected from C1-C6 alkyl, C1-C6 mono-
haloalkyl, C1-C6 polyhaloalkyl, C6-C10 aryl, C3-C10
cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocyclyl,
wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 heteroaryl,
and C2-C9 heterocyclyl are independently substituted with O,
1,2, or 3 substituents selected from halogen, hydroxyl, cyano,
amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 monohaloalkyl,
C1-C6 polyhaloalkyl, C1-C6 alkylamino, and C1-C6 dialky-

lamino;
wherein Z°! is selected from O, S, and NR>%;

wherein R>* is selected from H, C1-C6 alkyl, COR®,
C1-C6 alkylamino, C1-C6 dialkylamino, C6-C10 aryl,
C3-C10 cycloalkyl, C5-C9 heteroaryl, and C2-C9 het-
erocyclyl, wherein C6-C10 aryl, C3-C10 cycloalkyl,
C5-C9 heteroaryl, and C2-C9 heterocyclyl are indepen-
dently substituted with O, 1, 2, or 3 substituents selected
from halogen, hydroxyl, cyano, amino, C1-C6 alkyl,
C1-C6 alkoxy, C1-C6 monohaloalkyl, C1-C6 polyha-
loalkyl, C1-C6 alkylamino, and C1-C6 dialkylamino;

wherein R>’ is selected from C1-C6 alkyl, C1-C6 mono-
haloalkyl, C1-C6 polyhaloalkyl, C6-C10 aryl, C3-C10
cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocyclyl,
wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 heteroaryl,
and C2-C9 heterocyclyl are independently substituted with O,
1,2, or 3 substituents selected from halogen, hydroxyl, cyano,
amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 monohaloalkyl,
C1-C6 polyhaloalkyl, C1-C6 alkylamino, and C1-C6 dialky-
lamino; or a stereoisomer, tautomer, solvate, or pharmaceu-
tically acceptable salt thereof.

In one aspect, R*! is selected from H, C1-C6 alkyl and
COR??, wherein R*? is C1-C6 alkyl. In another aspect, R>* is
H. In another aspect, Z°! is NR>*. In another aspect, Z>* is
NR’*, wherein R** is selected from H, C1-C6 alkyl, and
COR®?, wherein R is C1-C6 alkyl.

In another aspect, R>! is selected from H, C1-C6 alkyl and
COR??, wherein R>®is C1-C6 alkyl; and Z°* is NR>*, wherein
R>*is selected from H, C1-C6 alkyl, and COR>, wherein R>*
is C1-C6 alkyl. In another aspect, R>* and R>* are identical.

In another aspect, the structure is represented by the for-
mula:
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In another aspect, the structure is represented by the for-
mula:

In another aspect, the formula has the structure:

3. Prodrugs

In various aspects, the compounds further comprise pro-
drugs thereof, and pharmaceutically acceptable salts of said
compounds. In a further aspect, the compounds further com-
prise prodrugs in the form of tomatine analogs.

In one aspect, the tomatine analog has a structure repre-
sented by a formula:

51
/R ’

wherein R>! is selected from H, C1-C6 alkyl, COR>?,
C1-C6 alkylamino, C1-C6 dialkylamino, C6-C10 aryl,
C3-C10 cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocy-
clyl, wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 het-
eroaryl, and C2-C9 heterocyclyl are independently substi-
tuted with 0, 1, 2, or 3 substituents selected from halogen,
hydroxyl, cyano, amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6
monohaloalkyl, C1-C6 polyhaloalkyl, C1-C6 alkylamino,
and C1-C6 dialkylamino; or
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wherein R>! is selected from a structure:

2
Z,

e}

wherein R>? is selected from C1-C6 alkyl, C1-C6 mono-
haloalkyl, C1-C6 polyhaloalkyl, C6-C10 aryl, C3-C10
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cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocyclyl,
wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 heteroaryl,
and C2-C9 heterocyclyl are independently substituted with O,
1,2, or 3 substituents selected from halogen, hydroxyl, cyano,
amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 monohaloalkyl,
C1-C6 polyhaloalkyl, C1-C6 alkylamino, and C1-C6 dialky-
lamino;
wherein Z>" is selected from 0, S, and NR>*;

wherein R>* is selected from H, C1-C6 alkyl, COR>?,
C1-C6 alkylamino, C1-C6 dialkylamino, C6-C10 aryl,
C3-C10 cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocy-
clyl, wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 het-
eroaryl, and C2-C9 heterocyclyl are independently substi-
tuted with 0, 1, 2, or 3 substituents selected from halogen,
hydroxyl, cyano, amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6
monohaloalkyl, C1-C6 polyhaloalkyl, C1-C6 alkylamino,
and C1-C6 dialkylamino;

wherein R> is selected from C1-C6 alkyl, C1-C6 mono-
haloalkyl, C1-C6 polyhaloalkyl, C6-C10 aryl, C3-C10
cycloalkyl, C5-C9 heteroaryl, and C2-C9 heterocyclyl,
wherein C6-C10 aryl, C3-C10 cycloalkyl, C5-C9 heteroaryl,
and C2-C9 heterocyclyl are independently substituted with O,
1,2, or 3 substituents selected from halogen, hydroxyl, cyano,
amino, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 monohaloalkyl,
C1-C6 polyhaloalkyl, C1-C6 alkylamino, and C1-C6 dialky-
lamino; or a stereoisomer, tautomer, solvate, or pharmaceu-
tically acceptable salt thereof.

In another aspect, the structure is represented by the for-
mula:

In another aspect, the structure is represented by the for-
mula:
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In another aspect, the formula has the structure:
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In another aspect, the formula has the structure:
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In another aspect, the formula has the structure:
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In another aspect, the formula has the structure: In another aspect, the formula has the structure:
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4. Promotion of Muscle Hypertrophy

In one aspect, the disclosed compounds promote muscle
hypertrophy. In a further aspect, the disclosed compounds
increase muscle mass in an animal when administered in an
effective amount. In a yet further aspect, the disclosed com-
pounds increase muscle hypertrophy. In a yet further aspect,
the disclosed compounds increase muscle strength. In a yet
further aspect, the disclosed compounds increase cellular
protein. The increase in cellular protein can be in vitro or in
vivo. For example, the disclosed compounds increase cellular
protein in a subject when administered in an effective amount.
In a yet further aspect, the disclosed compounds promotes
growth of muscle cells. The growth of muscle cells can be in
vitro and/or in vivo. In a still further aspect, the animal is a
mammal. In a yet further aspect, the mammal is a human. In
a further aspect, the mammal is a mouse. In a yet further
aspect, the mammal is a rodent. In a yet further aspect, the
animal is a fish or a bird.

In a further aspect, the disclosed compounds promote
muscle hypertrophy when administered at an oral dose of
greater than about 5 mg per day in a human. In a further
aspect, the disclosed compounds promote muscle hypertro-
phy when administered at an oral dose of greater than about
10 mg per day in a human. In a further aspect, the disclosed
compounds promote muscle hypertrophy when administered
atan oral dose of greater than about 25 mg per day in a human.
In a further aspect, the disclosed compounds promote muscle
hypertrophy when administered at an oral dose of greater than
about 50 mg per day in a human. In a further aspect, the
disclosed compounds promote muscle hypertrophy when
administered at an oral dose of greater than about 75 mg per
day in a human. In a further aspect, the disclosed compounds
promote muscle hypertrophy when administered at an oral
dose of greater than about 100 mg per day in a human. In a
further aspect, the disclosed compounds promote muscle
hypertrophy when administered at an oral dose of greater than
about 150 mg per day in a human. In a further aspect, the
disclosed promote muscle hypertrophy when administered at
an oral dose of greater than about 200 mg per day in a human.
In a further aspect, the disclosed compounds promote muscle
hypertrophy when administered at an oral dose of greater than
about 250 mg per day in a human. In a yet further aspect, the
disclosed compounds promote muscle hypertrophy when
administered at an oral dose of greater than about 300 mg per
day in a human. In a still further aspect, the disclosed com-
pounds promote muscle hypertrophy when administered at an
oral dose of greater than about 400 mg per day in a human. In
an even further aspect, the disclosed compounds promote
muscle hypertrophy when administered at an oral dose of
greater than about 500 mg per day in a human. In a further
aspect, the disclosed compounds promote muscle hypertro-
phy when administered at an oral dose of greater than about
750 mg per day in a human. In a yet further aspect, the
disclosed compounds promote muscle hypertrophy when
administered at an oral dose of greater than about 1000 mg per
day in a human. In a still further aspect, the disclosed com-
pounds promote muscle hypertrophy when administered at an
oral dose of greater than about 1500 mg per day in a human.
In an even further aspect, the disclosed compounds promote
muscle hypertrophy when administered at an oral dose of
greater than about 2000 mg per day in a human.

5. Decrease of Adiposity

In one aspect, the disclosed compounds decrease adiposity.
In a further aspect, the disclosed compounds reduce fat. For
example, the disclosed compounds can reduce fat in an ani-
mal when administered in an effective amount. In a yet further
aspect, the disclosed compounds increase the muscle to fat
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ratio. For example, the disclosed compounds increase the
muscle mass and reduce the fat in an animal when adminis-
tered in an effective amount. For example, the percentage
muscle in an animal can increase while the percentage fat in
the animal decreases. In a yet further aspect, the disclosed
compounds can prevent an increase in fat. In a yet further
aspect, the disclosed compounds decreases the fat content in
an animal. In a yet further aspect, the disclosed compounds
decrease obesity. In a yet further aspect, the disclosed com-
pounds decrease complications of obesity such as type 2
diabetes, nonalcoholic fatty liver disease, obstructive sleep
apnea and osteoarthritis. In a still further aspect, the animal is
amammal. In a yet further aspect, the mammal is a human. In
a further aspect, the mammal is a mouse. In a yet further
aspect, the mammal is a rodent. In a yet further aspect, the
animal is a bird or a fish.

In a further aspect, the disclosed compounds decrease adi-
posity when administered at an oral dose of greater than about
5 mg per day in a human. In a further aspect, the disclosed
compounds decrease adiposity when administered at an oral
dose of greater than about 10 mg per day in a human. In a
further aspect, the disclosed compounds decrease adiposity
when administered at an oral dose of greater than about 25 mg
per day in a human. In a further aspect, the disclosed com-
pounds decrease adiposity when administered at an oral dose
of greater than about 50 mg per day in a human. In a further
aspect, the disclosed compounds decrease adiposity when
administered at an oral dose of greater than about 75 mg per
day in a human. In a further aspect, the disclosed compounds
decrease adiposity when administered at an oral dose of
greater than about 100 mg per day in a human. In a further
aspect, the disclosed compounds decrease adiposity when
administered at an oral dose of greater than about 150 mg per
day in a human. In a further aspect, the disclosed compounds
decrease adiposity when administered at an oral dose of
greater than about 200 mg per day in a human. In a further
aspect, the disclosed compounds decrease adiposity when
administered at an oral dose of greater than about 250 mg per
day in a human. In a yet further aspect, the disclosed com-
pounds decrease adiposity when administered at an oral dose
of greater than about 300 mg per day in a human. In a still
further aspect, the disclosed compounds decrease adiposity
when administered at an oral dose of greater than about 400
mg per day in a human. In an even further aspect, the dis-
closed compounds decrease adiposity when administered at
an oral dose of greater than about 500 mg per day in a human.
In a further aspect, the disclosed compounds decrease adipos-
ity when administered at an oral dose of greater than about
750 mg per day in a human. In a yet further aspect, the
disclosed compounds decrease adiposity when administered
at an oral dose of greater than about 1000 mg per day in a
human. In a still further aspect, the disclosed compounds
decrease adiposity when administered at an oral dose of
greater than about 1500 mg per day in a human. In an even
further aspect, the disclosed compounds decrease adiposity
when administered at an oral dose of greater than about 2000
mg per day in a human.

6. Inhibition of Muscle Atrophy

In one aspect, the disclosed compounds inhibit muscle
atrophy. In a further aspect, the disclosed compounds promot-
ing muscle health, promoting normal muscle function, and/or
promoting healthy aging muscles. In a yet further aspect, the
disclosed compounds inhibit of muscle atrophy and promote
muscle health, promote normal muscle function, and/or pro-
mote healthy aging muscles. In a further aspect, the inhibition
of muscle atrophy is in an animal. In an even further aspect,
the promoting muscle health, promoting normal muscle func-
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tion, and/or promoting healthy aging muscles is in an animal.
In a still further aspect, the animal is a mammal. In a yet
further aspect, the mammal is a human. In a further aspect, the
mammal is a mouse. In a yet further aspect, the mammal is a
rodent. In a yet further aspect, the animal is a bird or a fish.

In a further aspect, the disclosed compounds inhibit muscle
atrophy when administered at an oral dose of greater than
about 5 mg per day in a human. In a further aspect, the
disclosed compounds inhibit muscle atrophy when adminis-
tered at an oral dose of greater than about 10 mg per day in a
human. In a further aspect, the disclosed compounds inhibit
muscle atrophy when administered at an oral dose of greater
than about 25 mg per day in a human. In a further aspect, the
disclosed compounds inhibit muscle atrophy when adminis-
tered at an oral dose of greater than about 50 mg per day in a
human. In a further aspect, the disclosed compounds inhibit
muscle atrophy when administered at an oral dose of greater
than about 75 mg per day in a human. In a further aspect, the
disclosed compounds inhibit muscle atrophy when adminis-
tered at an oral dose of greater than about 100 mg per day in
ahuman. In a further aspect, the disclosed compounds inhibit
muscle atrophy when administered at an oral dose of greater
than about 150 mg per day in a human. In a further aspect, the
disclosed compounds inhibit muscle atrophy when adminis-
tered at an oral dose of greater than about 200 mg per day in
ahuman. In a further aspect, the disclosed compounds inhibit
muscle atrophy when administered at an oral dose of greater
than about 250 mg per day in a human. In a yet further aspect,
the disclosed compounds inhibit muscle atrophy when
administered at an oral dose of greater than about 300 mg per
day in a human. In a still further aspect, the disclosed com-
pounds inhibit muscle atrophy when administered at an oral
dose of greater than about 400 mg per day in a human. In an
even further aspect, the disclosed compounds inhibit muscle
atrophy when administered at an oral dose of greater than
about 500 mg per day in a human. In a further aspect, the
disclosed compounds inhibit muscle atrophy when adminis-
tered at an oral dose of greater than about 750 mg per day in
a human. In a yet further aspect, the disclosed compounds
inhibit muscle atrophy when administered at an oral dose of
greater than about 1000 mg per day in a human. In a still
further aspect, the disclosed compounds inhibit muscle atro-
phy when administered at an oral dose of greater than about
1500 mg per day in a human. In an even further aspect, the
disclosed compounds inhibit muscle atrophy when adminis-
tered at an oral dose of greater than about 2000 mg per day in
a human.

It is contemplated that one or more compounds can option-
ally be omitted from the disclosed invention.

C. PHARMACEUTICAL AND
NEUTRACEUTICAL COMPOSITIONS

In one aspect, the invention relates to pharmaceutical and
neutraceutical compositions comprising the disclosed com-
pounds. That is, a pharmaceutical composition can be pro-
vided comprising a therapeutically effective amount of at
least one disclosed compound. In another example, a phar-
maceutical composition can be provided comprising a pro-
phylactically effective amount of at least one disclosed com-
pound. In yet another example, a neutraceutical composition
can be provided comprising a neutraceutically effective
amount of at least one disclosed compound

In one aspect, the invention relates to pharmaceutical com-
positions comprising a pharmaceutically acceptable carrier
and a compound, wherein the compound is present in an
effective amount. In another aspect, the invention relates to
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neutraceutical compositions comprising a neutraceutically
acceptable carrier and a compound, wherein the compound is
present in an effective amount. In one example, the compound
can be a tomatidine analog.

In one aspect, the compound is present in an amount
greater than about an amount selected from 5 mg, 10 mg, 25
mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 400,
mg, 500 mg, 750 mg, 1000 mg, 1,500 mg, or 2,000 mg.

A pharmaceutical composition comprising a pharmaceuti-
cally acceptable carrier and an effective amount of: (a) toma-
tidine or a tomatidine analog, (b) a compound that down
regulates multiple induced mRNAs of Muscle Atrophy Sig-
nature 1, compared to expression levels in the same type of the
muscle cell in the absence of the compound; (¢) a compound
that up regulates multiple repressed mRNAs of Muscle Atro-
phy Signature 1, compared to expression levels in the same
type of the muscle cell in the absence of the compound; (d) a
compound that down regulates multiple induced mRNAs of
Muscle Atrophy Signature 2, compared to expression levels
in the same type of the muscle cell in the absence of the
compound; (e) a compound that up regulates multiple
mRNAs of Muscle Atrophy Signature 2, compared to expres-
sion levels in the same type of the muscle cell in the absence
of the compound; (f) a compound that promotes muscle
hyperplasia; and/or (g) a compound that increases the
metabolism in an animal.

In a further aspect, the amount is a therapeutically effective
amount. In a still further aspect, the amount is a prophylacti-
cally effective amount.

In a further aspect, pharmaceutical or neutraceutical com-
position is administered to an animal. In a still further aspect,
the animal is a mammal, fish or bird. In a yet further aspect,
the mammal is a primate. In a still further aspect, the mammal
is a human. In an even further aspect, the human is a patient.

In a further aspect, the pharmaceutical composition com-
prises acompound identified using muscle atrophy signature-
1. In a yet further aspect, the pharmaceutical composition
comprises a compound identified using muscle atrophy sig-
nature-2. In a yet further aspect, the pharmaceutical compo-
sition comprises a compound identified using both muscle
atrophy signature-1 and muscle atrophy signature-2.

In a further aspect, the animal is a domesticated animal. In
a still further aspect, the domesticated animal is a domesti-
cated fish, domesticated crustacean, or domesticated mol-
lusk. In a yet further aspect, the domesticated animal is poul-
try. In an even further aspect, the poultry is selected from
chicken, turkey, duck, and goose. In a still further aspect, the
domesticated animal is livestock. In a yet further aspect, the
livestock animal is selected from pig, cow, horse, goat, bison,
and sheep.

In a further aspect, the effective amount is a therapeutically
effective amount. In a still further aspect, the effective amount
is a prophylactically effective amount. In a yet further aspect,
the muscle disorder is muscle atrophy. In an even further
aspect, the muscle disorder is a condition in need of promot-
ing muscle health, promoting normal muscle function, and/or
promoting healthy aging muscles. In a yet further aspect, the
muscle disorder is induced by another disease, such as cancer.

In a further aspect, the pharmaceutical composition is
administered following identification of the mammal in need
of treatment of muscle atrophy. In a still further aspect, the
pharmaceutical composition is administered following iden-
tification of the mammal in need of prevention of muscle
atrophy. In an even further aspect, the mammal has been
diagnosed with a need for treatment of muscle atrophy prior
to the administering step.
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In certain aspects, the disclosed pharmaceutical composi-
tions comprise the disclosed compounds (including pharma-
ceutically acceptable salt(s) thereof) as an active ingredient, a
pharmaceutically acceptable carrier, and, optionally, other
therapeutic ingredients or adjuvants. The instant composi-
tions include those suitable for oral, rectal, topical, and
parenteral (including subcutaneous, intramuscular, and intra-
venous) administration, although the most suitable route in
any given case will depend on the particular host, and nature
and severity of the conditions for which the active ingredient
is being administered. The pharmaceutical compositions can
be conveniently presented in unit dosage form and prepared
by any of the methods well known in the art of pharmacy.

As used herein, the term “pharmaceutically acceptable
salts” and “neutraceutically acceptable salts” refers to salts
prepared from pharmaceutically or neutraceutically accept-
able non-toxic bases or acids. When the compound of the
present invention is acidic, its corresponding salt can be con-
veniently prepared from pharmaceutically acceptable non-
toxic bases, including inorganic bases and organic bases.
Salts derived from such inorganic bases include aluminum,
ammonium, calcium, copper (-ic and -ous), ferric, ferrous,
lithium, magnesium, manganese (-ic and -ous), potassium,
sodium, zinc and the like salts. Particularly preferred are the
ammonium, calcium, magnesium, potassium and sodium
salts. Salts derived from pharmaceutically acceptable organic
non-toxic bases include salts of primary, secondary, and ter-
tiary amines, as well as cyclic amines and substituted amines
such as naturally occurring and synthesized substituted
amines. Other pharmaceutically or neutraceutically accept-
able organic non-toxic bases from which salts can be formed
include ion exchange resins such as, for example, arginine,
betaine, caffeine, choline, N,N'-dibenzylethylenediamine,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoetha-
nol, ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine, hydra-
bamine, isopropylamine, lysine, methylglucamine, morpho-
line, piperazine, piperidine, polyamine resins, procaine,
purines, theobromine, triethylamine, trimethylamine, tripro-
pylamine, tris(hydroxymethyl)aminomethane, tromethamine
and the like.

As used herein, the term “pharmaceutically acceptable
non-toxic acids”, includes inorganic acids, organic acids, and
salts prepared thereof, for example, acetic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric, isethionic,
lactic, maleic, malic, mandelic, methanesulfonic, mucic,
nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric,
tartaric, p-toluenesulfonic acid and the like. Preferred are
citric, hydrobromic, hydrochloric, maleic, phosphoric, sulfu-
ric, and tartaric acids.

In practice, the compounds ofthe invention, or pharmaceu-
tically acceptable salts thereof, or neutraceutically acceptable
salts thereof, of this invention can be combined as the active
ingredient in intimate admixture with a pharmaceutical car-
rier or neutraceutical carrier according to conventional phar-
maceutical compounding techniques or conventional neutra-
ceutical compounding techniques. The carrier can take a wide
variety of forms depending on the form of preparation desired
for administration, e.g., oral or parenteral (including intrave-
nous). Thus, the pharmaceutical compositions or neutraceu-
tical compositions of the present invention can be presented
as discrete units suitable for oral administration such as cap-
sules, cachets or tablets each containing a predetermined
amount of the active ingredient. Further, the compositions can
be presented as a powder, as granules, as a solution, as a
suspension in an aqueous liquid, as a non-aqueous liquid, as
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an oil-in-water emulsion or as a water-in-oil liquid emulsion.
In addition to the common dosage forms set out above, the
compounds of the invention, and/or pharmaceutically accept-
able salt(s) thereof, can also be administered by controlled
release means and/or delivery devices. The compositions can
be prepared by any of the methods of pharmacy. In general,
such methods include a step of bringing into association the
active ingredient with the carrier that constitutes one or more
necessary ingredients. In general, the compositions are pre-
pared by uniformly and intimately admixing the active ingre-
dient with liquid carriers or finely divided solid carriers or
both. The product can then be conveniently shaped into the
desired presentation.

Thus, the pharmaceutical compositions of this invention
can include a pharmaceutically acceptable carrier and a com-
pound or a pharmaceutically acceptable salt of the com-
pounds of the invention. The compounds of the invention, or
pharmaceutically acceptable salts thercof, can also be
included in pharmaceutical compositions in combination
with one or more other therapeutically active compounds.

Thus, the neutraceutical compositions of this invention can
include a neutraceutically acceptable carrier and a compound
or a neutraceutically acceptable salt of the compounds of the
invention. The compounds of the invention, or neutraceuti-
cally acceptable salts thereof, can also be included in neutra-
ceutical compositions in combination with one or more other
therapeutically or neutraceutically active compounds.

The pharmaceutical carrier or neutraceutical carrier
employed can be, for example, a solid, liquid, or gas.
Examples of solid carriers include lactose, terra alba, sucrose,
talc, gelatin, agar, pectin, acacia, magnesium stearate, and
stearic acid. Examples of liquid carriers are sugar syrup,
peanut oil, olive oil, and water. Examples of gaseous carriers
include carbon dioxide and nitrogen.

In preparing the compositions for oral dosage form, any
convenient pharmaceutical media can be employed. For
example, water, glycols, oils, alcohols, flavoring agents, pre-
servatives, coloring agents and the like can be used to form
oral liquid preparations such as suspensions, elixirs and solu-
tions; while carriers such as starches, sugars, microcrystalline
cellulose, diluents, granulating agents, lubricants, binders,
disintegrating agents, and the like can be used to form oral
solid preparations such as powders, capsules and tablets.
Because of their ease of administration, tablets and capsules
are the preferred oral dosage units whereby solid pharmaceu-
tical carriers are employed. Optionally, tablets can be coated
by standard aqueous or nonaqueous techniques

A tablet containing the composition of this invention can
be prepared by compression or molding, optionally with one
or more accessory ingredients or adjuvants. Compressed tab-
lets can be prepared by compressing, in a suitable machine,
the active ingredient in a free-flowing form such as powder or
granules, optionally mixed with a binder, lubricant, inert dilu-
ent, surface active or dispersing agent. Molded tablets can be
made by molding in a suitable machine, a mixture of the
powdered compound moistened with an inert liquid diluent.

The pharmaceutical compositions or neutraceutical com-
positions of the present invention comprise a compound of
the invention (or pharmaceutically or neutraceutically accept-
able salts thereof) as an active ingredient, a pharmaceutically
acceptable carrier or neutraceutically acceptable carrier, and
optionally one or more additional therapeutic agents or adju-
vants. The instant compositions include compositions suit-
able for oral, rectal, topical, and parenteral (including subcu-
taneous, intramuscular, and intravenous) administration,
although the most suitable route in any given case will depend
on the particular host, and nature and severity of the condi-
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tions for which the active ingredient is being administered.
The pharmaceutical compositions can be conveniently pre-
sented in unit dosage form and prepared by any of the meth-
ods well known in the art of pharmacy.

Pharmaceutical compositions of the present invention suit-
able for parenteral administration can be prepared as solu-
tions or suspensions of the active compounds in water. A
suitable surfactant can be included such as, for example,
hydroxypropylcellulose. Dispersions can also be prepared in
glycerol, liquid polyethylene glycols, and mixtures thereof in
oils. Further, a preservative can be included to prevent the
detrimental growth of microorganisms.

Pharmaceutical compositions of the present invention suit-
able for injectable use include sterile aqueous solutions or
dispersions. Furthermore, the compositions can be in the
form of sterile powders for the extemporaneous preparation
of'such sterile injectable solutions or dispersions. In all cases,
the final injectable form must be sterile and must be effec-
tively fluid for easy syringability. The pharmaceutical com-
positions must be stable under the conditions of manufacture
and storage; thus, preferably should be preserved against the
contaminating action of microorganisms such as bacteria and
fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (e.g., glyc-
erol, propylene glycol and liquid polyethylene glycol), veg-
etable oils, and suitable mixtures thereof.

Pharmaceutical compositions of the present invention can
be in a form suitable for topical use such as, for example, an
aerosol, cream, ointment, lotion, dusting powder, mouth
washes, gargles, and the like. Further, the compositions can
be in a form suitable for use in transdermal devices. These
formulations can be prepared, utilizing a compound of the
invention, or pharmaceutically acceptable salts thereof, via
conventional processing methods. As an example, a cream or
ointment is prepared by mixing hydrophilic material and
water, together with about 5 wt % to about 10 wt % of the
compound, to produce a cream or ointment having a desired
consistency.

Pharmaceutical compositions of this invention can be in a
form suitable for rectal administration wherein the carrieris a
solid. It is preferable that the mixture forms unit dose sup-
positories. Suitable carriers include cocoa butter and other
materials commonly used in the art. The suppositories can be
conveniently formed by first admixing the composition with
the softened or melted carrier(s) followed by chilling and
shaping in moulds.

In addition to the aforementioned carrier ingredients, the
pharmaceutical formulations described above can include, as
appropriate, one or more additional carrier ingredients such
as diluents, buffers, flavoring agents, binders, surface-active
agents, thickeners, lubricants, preservatives (including anti-
oxidants) and the like. Furthermore, other adjuvants can be
included to render the formulation isotonic with the blood of
the intended recipient. Compositions containing a compound
of the invention, and/or pharmaceutically acceptable salts
thereof, can also be prepared in powder or liquid concentrate
form.

In the treatment conditions which require modulation of
cellular function related to muscle health, muscle function
and/or healthy muscle aging an appropriate dosage level will
generally be about 0.01 to 500 mg per kg patient body weight
per day and can be administered in single or multiple doses.
Preferably, the dosage level will be about 0.1 to about 250
mg/kg per day; more preferably 0.5 to 100 mg/kg per day. A
suitable dosage level can be about 0.01 to 250 mg/kg per day,
about 0.05 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per
day. Within this range the dosage can be 0.05100.5,0.51t0 5.0,
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or 5.0 to 50 mg/kg per day. For oral administration, the com-
positions are preferably provided in the form of tablets con-
taining 1.0 to 1000 milligrams of the active ingredient, par-
ticularly 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,
300, 400, 500, 600, 750, 800, 900, and 1000 milligrams of the
active ingredient for the symptomatic adjustment of the dos-
age of the patient to be treated. The compound can be admin-
istered on a regimen of 1 to 4 times per day, preferably once
or twice per day. This dosing regimen can be adjusted to
provide the optimal therapeutic response.

The compositions disclosed herein can be administered
with one or more health supplements, such as energy or
vitamin supplements. Suitable health supplements include,
but are not limited to, protein bars, protein shakes, sports
drinks, energy drinks, and multivitamins. The compositions
can also be administered with other one or more compounds
known to promote muscle hypertrophy, such as creatine.

It is understood, however, that the specific dose level for
any particular patient will depend upon a variety of factors.
Such factors include the age, body weight, general health,
sex, and diet of the patient. Other factors include the time and
route of administration, rate of excretion, drug combination,
and the type and severity of the particular disease undergoing
therapy.

The present invention is further directed to a method for the
manufacture of a medicament for modulating cellular activity
related to muscle health, muscle function, and/or healthy
aging muscles (e.g., treatment of one or more disorders asso-
ciated with muscle dysfunction or atrophy) in mammals (e.g.,
humans) comprising combining one or more disclosed com-
pounds, products, or compositions with a pharmaceutically
acceptable carrier or diluent. Thus, in one aspect, the inven-
tion relates to a method for manufacturing a medicament
comprising combining at least one disclosed compound or at
least one disclosed product with a pharmaceutically accept-
able carrier or diluent.

The disclosed pharmaceutical compositions can further
comprise other therapeutically active compounds, which are
usually applied in the treatment of the above mentioned
pathological conditions.

It is understood that the disclosed compositions can be
prepared from the disclosed compounds. It is also understood
that the disclosed compositions can be employed in the dis-
closed methods of using.

D. METHODS OF USING THE COMPOUNDS
AND COMPOSITIONS

1. Muscle Hypertrophy

Muscle hypertrophy is defined as the increase in muscle
size or mass of the muscle, and can include an increase in
individual fiber volume and/or an increase in the cross-sec-
tional area of myofibers, and may also include an increase in
the number of nuclei per muscle fiber. Muscle hypertrophy
can also include an increase in the volume and mass of whole
muscles; however, muscle hypertrophy can be differentiated
from muscle hyperplasia, which is an increased number of
muscle fibers. In one embodiment, muscular hypertrophy
refers to an increase in the number of actin and myosin con-
tractile proteins. Muscle hypertrophy leads to an increase in
muscle strength. The muscle can be skeletal muscle.

The disclosed compounds can be used as single agents or in
combination with one or more other drugs to promote muscle
hypertrophy, where the combination of drugs together are
safer or more effective than either drug alone. The other
drug(s) can be administered by a route and in an amount
commonly used therefore, contemporaneously or sequen-
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tially with a disclosed compound. When a disclosed com-
pound is used contemporaneously with one or more other
drugs, a pharmaceutical composition in unit dosage form
containing such drugs and the disclosed compound is pre-
ferred. However, the combination therapy can also be admin-
istered on overlapping schedules. It is also envisioned that the
combination of one or more active ingredients and a disclosed
compound will be more efficacious than either as a single
agent.

Systemic administration of one or more disclosed com-
pounds (e.g., by parenteral injection or by oral consumption)
can be used to increase muscle mass, increase muscle hyper-
trophy, increase cellular protein, and promote growth of
muscle cells. Local administration of a disclosed compound
(by a topical route or localized injection) can be used to
promote muscle hypertrophy, as can be required following a
localized injury or surgery.

In one aspect, the subject compounds can be coadminis-
tered with agents that increase skeletal muscle mass, increase
skeletal muscle strength, increase exercise capacity, increase
skeletal muscle anabolic signaling, increase skeletal muscle
protein synthesis, increase skeletal muscle mitochondria and/
or increase skeletal muscle glucose uptake including but not
limited to ursolic acid, ursolic acid analogs, betulinic acid,
betulinic acid analogs, tacrine, tacrine analogs, allantoin,
allantoin analogs, connesine, connesine analogs, naringenin,
naringenin analogs, hippeastrine, hippeastrine analogs,
ungerine, ungerine analogs, insulin, insulin analogs, insulin-
like growth factor 1, metformin, thiazoladinediones, sulfony-
lureas, meglitinides, leptin, dipeptidyl peptidase-4 inhibitors,
glucagon-like peptide-1 agonists, tyrosine-protein phos-
phatase non-receptor type inhibitors, myostatin signaling
inhibitors, TGF-beta signaling inhibitors, beta-2 adrenergic
agents including clenbuterol, androgens, selective androgen
receptor modulator (such as GTx-024, BMS-564,929, LGD-
4033, AC-262,356, INJ-28330835, LGD-2226, LGD-3303,
S-40503, or S-23), aromatase inhibitors (such as anastrozole,
letrozole, exemestane, vorozole, formestane, fadrozole, 4-hy-
droxyandrostenedione, 1,4,6-androstatrien-3,17-dione, and
4-androstene-3,6,17-trione), growth hormone, a growth hor-
mone analog, ghrelin, a ghrelin analog, Wnt7a, an activator of
Wnt7a signaling, an activator of TRPV1, an activator of Gai,
signaling, an activator of PGC-1a4 signaling, or branched
chain amino acids. A disclosed compound or salt thereof can
be administered orally, intramuscularly, intravenously or
intraarterially. A disclosed compound or salt thereof can be
substantially pure. A disclosed compound or salt thereof can
be administered at about 10 mg/day to 10 g/day.

In another aspect, the subject compounds can be adminis-
tered in combination with agents that increase skeletal muscle
mass, skeletal muscle strength, increase exercise capacity,
increase skeletal muscle anabolic signaling, increase skeletal
muscle protein synthesis, increase skeletal muscle mitochon-
dria and/or skeletal muscle glucose uptake including but not
limited to ursolic acid, ursolic acid analogs, betulinic acid,
betulinic acid analogs, tacrine, tacrine analogs, allantoin,
allantoin analogs, connesine, connesine analogs, naringenin,
naringenin analogs, hippeastrine, hippeastrine analogs,
ungerine, ungerine analogs, insulin, insulin analogs, insulin-
like growth factor 1, metformin, thiazoladinediones, sulfony-
lureas, meglitinides, leptin, dipeptidyl peptidase-4 inhibitors,
glucagon-like peptide-1 agonists, tyrosine-protein phos-
phatase non-receptor type inhibitors, myostatin signaling
inhibitors, TGF-beta signaling inhibitors, beta-2 adrenergic
agents including clenbuterol, androgens, selective androgen
receptor modulator (such as GTx-024, BMS-564,929, LGD-
4033, AC-262,356, INJ-28330835, LGD-2226, LGD-3303,
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S-40503, or S-23), aromatase inhibitors (such as anastrozole,
letrozole, exemestane, vorozole, formestane, fadrozole, 4-hy-
droxyandrostenedione, 1,4,6-androstatrien-3,17-dione, and
4-androstene-3,6,17-trione), growth hormone, a growth hor-
mone analog, ghrelin, a ghrelin analog, Wnt7a, an activator of
Wnt7a signaling, an activator of TRPV 1, an activator of Gai,
signaling, an activator of PGC-1a4 signaling, or branched
chain amino acids. A disclosed compound or salt thereof can
be administered orally, intramuscularly, intravenously or
intraarterially. A disclosed compound or salt thereof can be
substantially pure. A disclosed compound or salt thereof can
be administered at about 10 mg/day to 10 g/day.

2. Adiposity

Adiposity is defined as the fat fraction of the body of an
animal. Decreasing adiposity refers to a decrease of the fat
fraction of the body of an animal. This can be achieved by
either lowering the amount of fat of the body of an animal or
by increasing the fat-free mass of the body of the animal, such
as increasing the mass of muscle of the body in the animal. In
one aspect, adiposity can refer to lowering the amount of fat
of'the body of an animal.

In one aspect, the animal can have high body adiposity.
High body adiposity refers to a fat fraction above 30%, 35%
or 40%. The adiposity, such as high body adiposity, can be the
effect of an underlying disease or a side effect of a drug. Such
disease and drugs are known in the art. For example, admin-
istration of corticosteroids (such as deltasone or prednisone)
and/or antidepressants (such as Prozac and Zoloft) and/or
antipsychotics (including but not limited to clozapine, olan-
zapine, risperidone and quetiapine) can increase the adiposity
in an animal. Also, diseases that severely decrease mobility
and an animal’s ability to exercise can cause high body adi-
posity.

The disclosed compounds can be used as single agents or in
combination with one or more other drugs to decrease adi-
posity, where the combination of drugs together are safer or
more effective than either drug alone. The other drug(s) can
be administered by a route and in an amount commonly used
therefore, contemporaneously or sequentially with a dis-
closed compound. When a disclosed compound is used con-
temporaneously with one or more other drugs, a pharmaceu-
tical composition in unit dosage form containing such drugs
and the disclosed compound is preferred. However, the com-
bination therapy can also be administered on overlapping
schedules. It is also envisioned that the combination of one or
more active ingredients and a disclosed compound will be
more efficacious than either as a single agent.

Systemic administration of one or more disclosed com-
pounds (e.g., by parenteral injection or by oral consumption)
can be used to reduce fat, increase the muscle to fat ratio,
increase the muscle mass and reduce the fat, and prevent an
increase in fat in an animal. Local administration of a dis-
closed compound (by a topical route or localized injection)
can be used to decrease adiposity.

In one aspect, the subject compounds can be coadminis-
tered with agents that decrease adiposity, increase the ratio of
skeletal muscle to adipose tissue, increase energy expendi-
ture, decrease appetite, increase skeletal muscle mass,
increase skeletal muscle strength, increase exercise capacity,
increase skeletal muscle anabolic signaling, increase skeletal
muscle protein synthesis, increase skeletal muscle mitochon-
dria and/or increase skeletal muscle glucose uptake including
but not limited to ursolic acid, ursolic acid analogs, betulinic
acid, betulinic acid analogs, tacrine, tacrine analogs, allan-
toin, allantoin analogs, connesine, connesine analogs, narin-
genin, naringenin analogs, hippeastrine, hippeastrine ana-
logs, ungerine, ungerine analogs, insulin, insulin analogs,
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insulin-like growth factor 1, metformin, thiazoladinediones,
sulfonylureas, meglitinides, leptin, dipeptidyl peptidase-4
inhibitors, glucagon-like peptide-1 agonists, tyrosine-protein
phosphatase non-receptor type inhibitors, myostatin signal-
ing inhibitors, TGF-beta signaling inhibitors, beta-2 adrener-
gic agents including clenbuterol, androgens, selective andro-
gen receptor modulator (such as GTx-024, BMS-564,929,
LGD-4033, AC-262,356, INJ-28330835, LGD-2226, LGD-
3303, S-40503, or S-23), aromatase inhibitors (such as anas-
trozole, letrozole, exemestane, vorozole, formestane, fadro-
zole, 4-hydroxyandrostenedione, 1,4,6-androstatrien-3,17-
dione, and 4-androstene-3,6,17-trione), growth hormone, a
growth hormone analog, ghrelin, a ghrelin analog, Wnt7a, an
activator of Wnt7a signaling, an activator of TRPV1, an acti-
vator of Gau, signaling, an activator of PGC-104 signaling, or
branched chain amino acids. A disclosed compound or salt
thereof can be administered orally, intramuscularly, intrave-
nously or intraarterially. A disclosed compound or salt thereof
can be substantially pure. A disclosed compound or salt
thereof can be administered at about 10 mg/day to 10 g/day.

In another aspect, the subject compounds can be adminis-
tered in combination with decrease adiposity, increase the
ratio of skeletal muscle to adipose tissue, increase energy
expenditure, decrease appetite, increase skeletal muscle
mass, increase skeletal muscle strength, increase exercise
capacity, increase skeletal muscle anabolic signaling,
increase skeletal muscle protein synthesis, increase skeletal
muscle mitochondria and/or increase skeletal muscle glucose
uptake including but not limited to ursolic acid, ursolic acid
analogs, betulinic acid, betulinic acid analogs, tacrine, tacrine
analogs, allantoin, allantoin analogs, connesine, connesine
analogs, naringenin, naringenin analogs, hippeastrine, hip-
peastrine analogs, ungerine, ungerine analogs, insulin, insu-
lin analogs, insulin-like growth factor 1, metformin, thiaz-
oladinediones, sulfonylureas, meglitinides, leptin, dipeptidyl
peptidase-4 inhibitors, glucagon-like peptide-1 agonists,
tyrosine-protein phosphatase non-receptor type inhibitors,
myostatin signaling inhibitors, TGF-beta signaling inhibi-
tors, beta-2 adrenergic agents including clenbuterol, andro-
gens, selective androgen receptor modulator (such as GTx-
024, BMS-564,929, LGD-4033, AC-262,356, IJNI-
28330835, LGD-2226, LGD-3303, S-40503, or S-23),
aromatase inhibitors (such as anastrozole, letrozole, exemes-
tane, vorozole, formestane, fadrozole, 4-hydroxyandrostene-
dione, 1,4,6-androstatrien-3,17-dione, and 4-androstene-3,6,
17-trione), growth hormone, a growth hormone analog,
ghrelin, a ghrelin analog, Wnt7a, an activator of Wnt7a sig-
naling, an activator of TRPV 1, an activator of Gau, signaling,
an activator of PGC-104 signaling, or branched chain amino
acids. A disclosed compound or salt thereof can be adminis-
tered orally, intramuscularly, intravenously or intraarterially.
A disclosed compound or salt thereof can be substantially
pure. A disclosed compound or salt thereof can be adminis-
tered at about 10 mg/day to 10 g/day.

3. Muscle Atrophy

Muscle atrophy is defined as a decrease in the mass of the
muscle; it can be a partial or complete wasting away of
muscle. When a muscle atrophies, this leads to muscle weak-
ness, since the ability to exert force is related to mass. Muscle
atrophy is a co-morbidity of several common diseases, and
patients who have “cachexia” in these disease settings have a
poor prognosis.

Muscle atrophy can also be skeletal muscle loss or weak-
ness caused by malnutrition, aging, bed rest, neurologic dis-
ease (such as multiple sclerosis, amyotrophic lateral sclero-
sis, spinal muscular atrophy, critical illness neuropathy,
spinal cord injury, peripheral neuropathy, or peripheral nerve
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injury), injury to the limbs or joints, casting, other post-
surgical forms of limb immobilization, or spaceflight, chronic
disease (such as cancer, congestive heart failure, chronic pul-
monary disease, chronic renal failure, chronic liver disease,
diabetes mellitus, glucocorticoid excess, growth hormone
deficiency, IGF-I deficiency, estrogen deficiency, and chronic
infections such as HIV/AIDS or tuberculosis), burn injuries,
sepsis, other illnesses requiring mechanical ventilation, drug-
induced muscle disease (such as glucocorticoid-induced
myopathy and statin-induced myopathy), genetic diseases
that primarily affect skeletal muscle (such as muscular dys-
trophy, myotonic dystrophy and inclusion body myositis), or
autoimmune diseases that affect skeletal muscle (such as
polymyositis and dermatomyositis).

There are many diseases and conditions which cause
muscle atrophy, including malnutrition, bed rest, neurologic
disease (including multiple sclerosis, amyotrophic lateral
sclerosis, spinal muscular atrophy, critical illness neuropathy,
spinal cord injury or peripheral nerve injury), orthopedic
injury, casting, and other post-surgical forms of limb immo-
bilization, chronic disease (including cancer, congestive heart
failure, chronic pulmonary disease, chronic renal failure,
chronic liver disease, diabetes mellitus, Cushing syndrome,
growth hormone deficiency, IGF-I deficiency, estrogen defi-
ciency, and chronic infections such as HIV/AIDS or tubercu-
losis), burns, sepsis, other illnesses requiring mechanical ven-
tilation, drug-induced muscle disease (such as glucorticoid-
induced myopathy and statin-induced myopathy), genetic
diseases that primarily affect skeletal muscle (such as mus-
cular dystrophy and myotonic dystrophy), autoimmune dis-
eases that affect skeletal muscle (such as polymyositis and
dermatomyositis), spaceflight, and aging.

Muscle atrophy occurs by a change in the normal balance
between protein synthesis and protein degradation. During
atrophy, there is a down-regulation of protein synthesis path-
ways, and an activation of protein breakdown pathways. The
particular protein degradation pathway which seems to be
responsible for much of the muscle loss seen in a muscle
undergoing atrophy is the ATP-dependent, ubiquitin/protea-
some pathway. In this system, particular proteins are targeted
for destruction by the ligation of at least four copies of a small
peptide called ubiquitin onto a substrate protein. When a
substrate is thus “poly-ubiquitinated,” it is targeted for
destruction by the proteasome. Particular enzymes in the
ubiquitin/proteasome pathway allow ubiquitination to be
directed to some proteins but not others—specificity is gained
by coupling targeted proteins to an “E3 ubiquitin ligase.”
Each E3 ubiquitin ligase binds to a particular set of substrates,
causing their ubiquitination. For example, in skeletal muscle,
the E3 ubiquitin ligases atrogin-1 and MuRF1 are known to
play essential roles protein degradation and muscle atrophy.

Muscle atrophy can be opposed by the signaling pathways
which induce muscle hypertrophy, or an increase in muscle
size. Therefore one way in which exercise induces and pro-
mote muscle health, promote normal muscle function, and/or
promote healthy aging muscles is to down regulate the path-
ways which have the opposite effects. One important reha-
bilitation tool for muscle atrophy includes the use of func-
tional electrical stimulation to stimulate the muscles which
has had limited success in the rehabilitation of paraplegic
patients.

In certain aspects, the disclosed compounds can be used as
atherapy forillness- and age-related muscle atrophy. It can be
useful as a monotherapy or in combination with other strate-
gies that have been considered, such as myostatin inhibition
(Zhou, X., et al. (2010) Cell 142(4): 531-543). Given its
capacity to reduce adiposity, fasting blood glucose and
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plasma lipid levels, a disclosed compound derivative can also
be used as a therapy for obesity, metabolic syndrome and type
2 diabetes.

The disclosed compounds can be used as single agents or in
combination with one or more other drugs in the treatment,
prevention, control, amelioration or reduction of risk of the
aforementioned diseases, disorders and conditions for which
the compounds disclosed herein or the other drugs have util-
ity, where the combination of drugs together are safer or more
effective than either drug alone. The other drug(s) can be
administered by a route and in an amount commonly used
therefore, contemporaneously or sequentially with a dis-
closed compound. When a disclosed compound is used con-
temporaneously with one or more other drugs, a pharmaceu-
tical composition in unit dosage form containing such drugs
and the disclosed compound is preferred. However, the com-
bination therapy can also be administered on overlapping
schedules. It is also envisioned that the combination of one or
more active ingredients and a disclosed compound will be
more efficacious than either as a single agent.

Systemic administration of one or more disclosed com-
pounds (e.g., by parenteral injection or by oral consumption)
can be used to promote muscle health, promote normal
muscle function, and/or promote healthy aging muscles, and
reduce muscle atrophy in all muscles, including those of the
limbs and the diaphragm. L.ocal administration of a disclosed
compound (by a topical route or localized injection) can be
used to promote local muscle health, as can be required fol-
lowing a localized injury or surgery.

In one aspect, the subject compounds can be coadminis-
tered with agents that decrease muscle atrophy, increase skel-
etal muscle mass, skeletal muscle strength, skeletal muscle
insulin signaling, skeletal muscle IGF-I signaling and/or skel-
etal muscle glucose uptake including but not limited to ursolic
acid, ursolic acid analogs, betulinic acid, betulinic acid ana-
logs, tacrine, tacrine analogs, allantoin, allantoin analogs,
connesine, connesine analogs, naringenin, naringenin ana-
logs, hippeastrine, hippeastrine analogs, ungerine, ungerine
analogs, insulin, insulin analogs, insulin-like growth factor 1,
metformin, thiazoladinediones, sulfonylureas, meglitinides,
leptin, dipeptidyl peptidase-4 inhibitors, glucagon-like pep-
tide-1 agonists, tyrosine-protein phosphatase non-receptor
type inhibitors, myostatin signaling inhibitors, TGF-beta sig-
naling inhibitors, beta-2 adrenergic agents including clen-
buterol, androgens, selective androgen receptor modulator
(such as GTx-024, BMS-564,929, LGD-4033, AC-262,356,
JNJ-28330835, LGD-2226, LGD-3303, S-40503, or S-23),
aromatase inhibitors (such as anastrozole, letrozole, exemes-
tane, vorozole, formestane, fadrozole, 4-hydroxyandrostene-
dione, 1,4,6-androstatrien-3,17-dione, and 4-androstene-3,6,
17-trione), growth hormone, a growth hormone analog,
ghrelin, a ghrelin analog. A disclosed compound or salt
thereof can be administered orally, intramuscularly, intrave-
nously or intraarterially. A disclosed compound or salt thereof
can be substantially pure. A disclosed compound or salt
thereof can be administered at about 10 mg/day to 10 g/day.

In another aspect, the subject compounds can be adminis-
tered in combination with agents that decrease muscle atro-
phy, increase skeletal muscle mass, skeletal muscle strength,
skeletal muscle insulin signaling, skeletal muscle IGF-I sig-
naling and/or skeletal muscle glucose uptake including but
not limited to ursolic acid, ursolic acid analogs, betulinic acid,
betulinic acid analogs, tacrine, tacrine analogs, allantoin,
allantoin analogs, connesine, connesine analogs, naringenin,
naringenin analogs, hippeastrine, hippeastrine analogs,
ungerine, ungerine analogs, insulin, insulin analogs, insulin-
like growth factor 1, metformin, thiazoladinediones, sulfony-
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lureas, meglitinides, leptin, dipeptidyl peptidase-4 inhibitors,
glucagon-like peptide-1 agonists, tyrosine-protein phos-
phatase non-receptor type inhibitors, myostatin signaling
inhibitors, TGF-beta signaling inhibitors, beta-2 adrenergic
agents including clenbuterol, androgens, selective androgen
receptor modulator (such as GTx-024, BMS-564,929, LGD-
4033, AC-262,356, INJ-28330835, LGD-2226, LGD-3303,
S-40503, or S-23), aromatase inhibitors (such as anastrozole,
letrozole, exemestane, vorozole, formestane, fadrozole, 4-hy-
droxyandrostenedione, 1,4,6-androstatrien-3,17-dione, and
4-androstene-3,6,17-trione), growth hormone, a growth hor-
mone analog, ghrelin, a ghrelin analog. A disclosed com-
pound or salt thereof can be administered orally, intramuscu-
larly, intravenously or intraarterially. A disclosed compound
or salt thereof can be substantially pure. A disclosed com-
pound or salt thereof can be administered at about 10 mg/day
to 10 g/day.

The pharmaceutical compositions and methods of the
present invention can further comprise other therapeutically
active compounds as noted herein which are usually applied
in the treatment of the above mentioned pathological condi-
tions.

4. Treatment Methods

The compounds disclosed herein are useful for promoting
or increasing muscle hypertrophy. The compounds are also
useful for increasing muscle mass, increasing muscle hyper-
trophy, increasing muscle strength, increasing cellular pro-
tein, and promoting growth of muscle cells.

The compounds disclosed herein are also useful to
decrease adiposity. The compounds are also useful for reduc-
ing fat, increasing the muscle to fat ratio, increasing the
muscle mass and reducing the fat, preventing an increase in
fat in an animal, decreasing obesity, and decreasing compli-
cations of obesity. The adiposity, such as high body adiposity,
can be the effect of an underlying disease or a side effect of a
drug. For example, administration of corticosteroids (such as
deltasone or prednisone) and/or antidepressants (such as
Prozac and Zoloft) and/or and antipsychotics (including but
not limited to clozapine, olanzapine, risperidone and quetiap-
ine) can increase the adiposity in an animal. Also, diseases
that severely decrease mobility and an animal’s ability to
exercise can cause high body adiposity.

The compounds disclosed herein are useful for treating,
preventing, ameliorating, controlling or reducing the risk of a
variety of muscle disorders. Examples of such muscle disor-
ders include, but are not limited to, skeletal muscle atrophy
secondary to malnutrition, bed rest, neurologic disease (in-
cluding multiple sclerosis, amyotrophic lateral sclerosis, spi-
nal muscular atrophy, critical illness neuropathy, spinal cord
injury or peripheral nerve injury), orthopedic injury, casting,
and other post-surgical forms of limb immobilization,
chronic disease (including cancer, congestive heart failure,
chronic pulmonary disease, chronic renal failure, chronic
liver disease, diabetes mellitus, Cushing syndrome and
chronic infections such as HIV/AIDS or tuberculosis), burns,
sepsis, other illnesses requiring mechanical ventilation, drug-
induced muscle disease (such as glucorticoid-induced
myopathy and statin-induced myopathy), genetic diseases
that primarily affect skeletal muscle (such as muscular dys-
trophy and myotonic dystrophy), autoimmune diseases that
affect skeletal muscle (such as polymyositis and dermato-
myositis), spaceflight, or age-related sarcopenia. In still fur-
ther aspects, the invention is related to methods to modulate
muscle health, methods to inhibit muscle atrophy.

Thus, provided is a method for treating or preventing
muscle atrophy, comprising: administering to a subject at
least one disclosed compound; at least one disclosed pharma-
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ceutical composition; and/or at least one disclosed product in
a dosage and amount effective to treat the disorder in the
subject.

Also provided is a method for promoting muscle health,
promote normal muscle function, and/or promote healthy
aging muscles comprising: administering to a subject at least
one disclosed compound; at least one disclosed pharmaceu-
tical composition; and/or at least one disclosed product in a
dosage and amount effective to treat the disorder in the sub-
ject.

The compounds disclosed herein are useful for treating,
preventing, ameliorating, controlling or reducing the risk of a
variety of metabolic disorders. In a further aspect, the dis-
closed compounds in treating disorders associated with a
dysfunction of insulin/IGF-I signaling. Thus, are provided
methods to increase insulin/IGF-I signaling, methods to
reduce body fat; methods to reduce blood glucose, methods to
reduce blood triglycerides, methods to reduce blood choles-
terol, methods to reduce obesity, methods to reduce fatty liver
disease, and methods to reduce diabetes, and pharmaceutical
compositions comprising compounds used in the methods.

a. Promoting Muscle Hypertrophy

Disclosed herein is a method of promoting muscle hyper-
trophy in an animal comprising administering to the animal
an effective amount of a compound disclosed herein. The
compound can be tomatidine, or tomatidine analogs, or a
mixture thereof. For example, the compound can be a toma-
tidine analog. In another example, the compound can be
tomatidine. In yet another example, the compound can be a
mixture of tomatidine and tomatidine analogs.

In one aspect, the compound is administered in an amount
between about 0.01 to 500 mg per kg patient body weight per
day and can be administered in single or multiple doses.
Preferably, the dosage level will be about 0.1 to about 250
mg/kg per day; more preferably 0.5 to 100 mg/kg per day. A
suitable dosage level can be about 0.01 to 250 mg/kg per day,
about 0.05 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per
day. Within this range the dosage can be 0.051t00.5,0.51t0 5.0
or 5.0 to 50 mg/kg per day. For oral administration, the com-
positions are preferably provided in the form of tablets con-
taining 1.0 to 1000 milligrams of the active ingredient, par-
ticularly 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,
300, 400, 500, 600, 750, 800, 900 and 1000 milligrams ofthe
active ingredient for the symptomatic adjustment of the dos-
age of the patient to be treated. The compound can be admin-
istered on a regimen of 1 to 4 times per day, preferably once
or twice per day. This dosing regimen can be adjusted to
provide the optimal therapeutic response

In one aspect, the disclosed compounds increase muscle
hypertrophy. In another aspect, the disclosed compounds
increase muscle mass. In a further aspect, the disclosed com-
pounds increase cellular protein. In a still further aspect, the
disclosed compounds promote protein synthesis. In yet a
further aspect, the disclosed compounds increase mitochon-
dria.

In yet another aspect, the disclosed compounds promote
growth of muscle cells.

In a further aspect, the compound administered is a dis-
closed compound or a product of a disclosed method of mak-
ing a compound. In a yet further aspect, the invention relates
to a pharmaceutical composition comprising at least one
compound as disclosed herein.

In a further aspect, the compound is co-administered with
an anabolic agent. In a further aspect, wherein the compound
is co-administered with ursolic acid or an ursolic acid deriva-
tive. In a further aspect, the compound is co-administered
with a compound selected from a tacrine and analogs, narin-
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genin and analogs, allantoin and analogs, conessine and ana-
logs, ungerine/hippeastrine and analogs, and betulinic acid
and analogs, or a mixture thereof.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

In a further aspect, the animal is a domesticated animal. In
a still further aspect, the domesticated animal is a domesti-
cated fish, domesticated crustacean, or domesticated mol-
lusk. In a yet further aspect, the domesticated animal is poul-
try. In an even further aspect, the poultry is selected from
chicken, turkey, duck, and goose. In a still further aspect, the
domesticated animal is livestock. In a yet further aspect, the
livestock animal is selected from pig, cow, horse, goat, bison,
and sheep.

In a still further aspect, the method further comprises the
step of identifying the mammal in need of muscle hypertro-
phy. In an even further aspect, the mammal has been diag-
nosed with a need for muscle hypertrophy which can be
treated by muscle hypertrophy prior to the administering step.

b. Decreasing Adiposity

Disclosed herein is a method of decreasing adiposity in an
animal comprising administering to the animal an effective
amount of a compound disclosed herein. The compound can
be tomatidine, or tomatidine analogs, or a mixture thereof.
For example, the compound can be a tomatidine analog. In
another example, the compound can be tomatidine. In yet
another example, the compound can be a mixture of tomati-
dine and tomatidine analogs.

In one aspect, the compound is administered in an amount
between about 0.01 to 500 mg per kg patient body weight per
day and can be administered in single or multiple doses.
Preferably, the dosage level will be about 0.1 to about 250
mg/kg per day; more preferably 0.5 to 100 mg/kg per day. A
suitable dosage level can be about 0.01 to 250 mg/kg per day,
about 0.05 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per
day. Within this range the dosage can be 0.0510 0.5,0.5t0 5.0
or 5.0 to 50 mg/kg per day. For oral administration, the com-
positions are preferably provided in the form of tablets con-
taining 1.0 to 1000 milligrams of the active ingredient, par-
ticularly 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,
300, 400, 500, 600, 750, 800, 900 and 1000 milligrams of the
active ingredient for the symptomatic adjustment of the dos-
age of the patient to be treated. The compound can be admin-
istered on a regimen of 1 to 4 times per day, preferably once
or twice per day. This dosing regimen can be adjusted to
provide the optimal therapeutic response

In one aspect, the disclosed compounds decrease adiposity.
In another aspect, the disclosed compounds reduce fat, such
as the amount of fat of an animal. In another aspect, the
disclosed compounds increase the muscle to fat ratio. In
another aspect, the disclosed compounds increase the muscle
mass and reduce the fat. In another aspect, the disclosed
compounds prevent an increase in fat.

In a further aspect, the compound administered is a dis-
closed compound or a product of a disclosed method of mak-
ing a compound. In a yet further aspect, the invention relates
to a pharmaceutical composition comprising at least one
compound as disclosed herein.

In a further aspect, the compound is co-administered with
an anabolic agent. In a further aspect, wherein the compound
is co-administered with ursolic acid or a ursolic acid deriva-
tive. In a further aspect, the compound is co-administered
with a compound selected from a tacrine and analogs, narin-
genin and analogs, allantoin and analogs, conessine and ana-
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logs, ungerine/hippeastrine and analogs, and betulinic acid
and analogs, or a mixture thereof.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

In a further aspect, the animal is a domesticated animal. In
a still further aspect, the domesticated animal is a domesti-
cated fish, domesticated crustacean, or domesticated mol-
lusk. In a yet further aspect, the domesticated animal is poul-
try. In an even further aspect, the poultry is selected from
chicken, turkey, duck, and goose. In a still further aspect, the
domesticated animal is livestock. In a yet further aspect, the
livestock animal is selected from pig, cow, horse, goat, bison,
and sheep.

In a further aspect, the effective amount is a therapeutically
effective amount. In a still further aspect, the effective amount
is a prophylactically effective amount. In a yet further aspect,
high adiposity is prevented by administration of the com-
pound. In an even further aspect, adiposity is decreased by
administration of the compound. In a still further aspect, the
method further comprises the step of identifying the mammal
in need of decreased adiposity. In a yet further aspect, the
method further comprises the step of identifying the mammal
in a need of prevention of adiposity. In an even further aspect,
the mammal has been diagnosed with a need for treatment of
adiposity prior to the administering step.

c. Treating Muscle Atrophy

Disclosed herein is a method of treating muscle atrophy in
ananimal comprising administering to the animal an effective
amount of a compound. The compound can be tomatidine, or
tomatidine analogs, or a mixture thereof. For example, the
compound can be a tomatidine analog. In another example,
the compound can be tomatidine. In yet another example, the
compound can be a mixture of tomatidine and tomatidine
analogs.

In one aspect, the compound is administered in an amount
between about 0.01 to 500 mg per kg patient body weight per
day and can be administered in single or multiple doses.
Preferably, the dosage level will be about 0.1 to about 250
mg/kg per day; more preferably 0.5 to 100 mg/kg per day. A
suitable dosage level can be about 0.01 to 250 mg/kg per day,
about 0.05 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per
day. Within this range the dosage can be 0.051t00.5,0.51t0 5.0
or 5.0 to 50 mg/kg per day. For oral administration, the com-
positions are preferably provided in the form of tablets con-
taining 1.0 to 1000 milligrams of the active ingredient, par-
ticularly 1.0, 5.0, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,
300, 400, 500, 600, 750, 800, 900 and 1000 milligrams ofthe
active ingredient for the symptomatic adjustment of the dos-
age of the patient to be treated. The compound can be admin-
istered on a regimen of 1 to 4 times per day, preferably once
or twice per day. This dosing regimen can be adjusted to
provide the optimal therapeutic response

In one aspect, the disclosed compounds inhibit muscle
atrophy. In a further aspect, the disclosed compounds pro-
mote muscle health, promote normal muscle function, and/or
promote healthy aging muscles. In a yet further aspect, the
disclosed compounds inhibit of muscle atrophy and promot-
ing muscle health, promoting normal muscle function, and/or
promoting healthy aging muscles. In an even further aspect,
the disclosed compounds treat muscle atrophy.

In a further aspect, the compound administered is a dis-
closed compound or a product of a disclosed method of mak-
ing a compound. In a yet further aspect, the invention relates
to a pharmaceutical composition comprising at least one
compound as disclosed herein.
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In a further aspect, the compound is co-administered with
an anabolic agent. In a further aspect, wherein the compound
is co-administered with ursolic acid or an ursolic acid deriva-
tive.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

In a further aspect, prior to the administering step the
mammal has been diagnosed with a need for treatment of a
disorder selected muscle atrophy, diabetes, obesity, and fatty
liver disease. In a yet further aspect, the disorder is muscle
atrophy.

In a further aspect, prior to the administering step the
mammal has been diagnosed with a need for treatment of a
disorder associated with a dysfunction in anabolic signaling.

In a further aspect, the treatment of the disorder increases
muscle anabolic signaling. In a still further aspect, the treat-
ment of the disorder increases muscle IGF-I production.

In a further aspect, prior to the administering step the
mammal has been diagnosed with a need for treatment of a
disorder associated with circulating levels of leptin. In a still
further aspect, the treatment decreases the circulating levels
of leptin.

In a further aspect, administration the methods are promot-
ing muscle health, promoting normal muscle function, and/or
promoting healthy aging muscles in the mammal. In a yet
further aspect, administration increases energy expenditure.
In a still further aspect, increases brown fat. In an even further
aspect, administration increases the ratio of brown fat to white
fat. In a still further aspect, administration increases the ratio
of'skeletal muscle to fat. In a yet further aspect, the compound
is co-administered with a disclosed compound or a derivative
thereof.

In a further aspect, the animal is a domesticated animal. In
a still further aspect, the domesticated animal is a domesti-
cated fish, domesticated crustacean, or domesticated mol-
lusk. In a yet further aspect, the domesticated animal is poul-
try. In an even further aspect, the poultry is selected from
chicken, turkey, duck, and goose. In a still further aspect, the
domesticated animal is livestock. In a yet further aspect, the
livestock animal is selected from pig, cow, horse, goat, bison,
and sheep.

In a further aspect, the effective amount is a therapeutically
effective amount. In a still further aspect, the effective amount
is a prophylactically effective amount. In a yet further aspect,
muscle atrophy is prevented by administration of the com-
pound. In an even further aspect, muscle atrophy is treated by
administration of the compound. In a still further aspect, the
method further comprises the step of identifying the mammal
in need of treatment of muscle atrophy. In a yet further aspect,
the method further comprises the step of identifying the mam-
mal in a need of prevention of muscle atrophy. In an even
further aspect, the mammal has been diagnosed with a need
for treatment of muscle atrophy prior to the administering
step.

d. Promoting Muscle Health

In one aspect, the invention relates to a method for promot-
ing muscle health, promoting normal muscle function, and/or
promoting healthy aging muscles in an animal, the method
comprising administering to the animal an effective amount
of'tomatidine. In one aspect, the invention relates to a method
for promoting muscle health. In another aspect, the invention
relates to a method for promoting normal muscle function. In
another aspect, the invention relates to a method for promot-
ing healthy aging muscles.
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In one aspect, the invention relates to a method for promot-
ing muscle health, promoting normal muscle function, and/or
promoting healthy aging muscles in an animal, the method
comprising administering to the animal an effective amount
of a compound, wherein the compound down regulates at
least one of the induced mRNAs of Muscle Atrophy Signature
1 or Muscle Atrophy Signature 2, compared to expression
levels in the same type of the muscle cell in the absence of the
compound, and/or wherein the compound up regulates at
least one of the repressed mRNAs of Muscle Atrophy Signa-
ture 1 or Muscle Atrophy Signature 2, compared to expres-
sion levels in the same type of the muscle cell in the absence
of the compound, thereby promoting muscle health, promot-
ing normal muscle function, and/or promoting healthy aging
muscles in the animal.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

In a further aspect, the Muscle Atrophy Signature is Muscle
Atrophy Signature 1. In a still further aspect, the Muscle
Atrophy Signature is Muscle Atrophy Signature 2.

In a further aspect, prior to the administering step the
mammal has been diagnosed with a need for treatment of a
disorder selected muscle atrophy, diabetes, obesity, and fatty
liver disease. In a yet further aspect, the disorder is muscle
atrophy.

In a further aspect, prior to the administering step the
mammal has been diagnosed with a need for treatment of a
disorder associated with a dysfunction in anabolic signaling.

In a further aspect, the treatment of the disorder increases
muscle anabolic signaling. In a still further aspect, the treat-
ment of the disorder increases muscle IGF-I production.

In a further aspect, prior to the administering step the
mammal has been diagnosed with a need for treatment of a
disorder associated with circulating levels of leptin. In a still
further aspect, the treatment decreases the circulating levels
of leptin.

In a further aspect, administration promoting muscle
health, promoting normal muscle function, and/or promoting
healthy aging muscles in the mammal. In a yet further aspect,
administration increases energy expenditure. In a still further
aspect, increases brown fat. In an even further aspect, admin-
istration increases the ratio of brown fat to white fat. In a still
further aspect, administration increases the ratio of skeletal
muscle to fat. In a yet further aspect, the compound is co-
administered with a disclosed compound or a derivative
thereof.

In a further aspect. the animal is a domesticated animal. In
a still further aspect, the domesticated animal is a domesti-
cated fish, domesticated crustacean, or domesticated mol-
lusk. In a yet further aspect, the domesticated animal is poul-
try. In an even further aspect, the poultry is selected from
chicken, turkey, duck, and goose. In a still further aspect, the
domesticated animal is livestock. In a yet further aspect, the
livestock animal is selected from pig, cow, horse, goat, bison,
and sheep.

In a further aspect, the effective amount is a therapeutically
effective amount. In a still further aspect, the effective amount
is a prophylactically effective amount. In a yet further aspect,
muscle atrophy is prevented by administration of the com-
pound. In an even further aspect, muscle atrophy is treated by
administration of the compound. In a still further aspect, the
method further comprises the step of identifying the mammal
in need of treatment of muscle atrophy. In a yet further aspect,
the method further comprises the step of identifying the mam-
mal in a need of prevention of muscle atrophy. In an even
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further aspect, the mammal has been diagnosed with a need
for treatment of muscle atrophy prior to the administering
step.

e. Enhancing Muscle Formation

In one aspect, the invention relates to a method of enhanc-
ing muscle formation in a mammal, the method comprising
administering to the animal an effective amount of tomati-
dine.

In a further aspect, the invention relates to a method of
enhancing muscle formation in a mammal, the method com-
prising administering to the animal an effective amount of a
compound, wherein the compound down regulates at least
one of the induced mRNAs of Muscle Atrophy Signature 1 or
Muscle Atrophy Signature 2, compared to expression levels
in the same type of the muscle cell in the absence of the
compound, and/or wherein the compound up regulates at
least one of the repressed mRNAs of Muscle Atrophy Signa-
ture 1 or Muscle Atrophy Signature 2, compared to expres-
sion levels in the same type of the muscle cell in the absence
of'the compound, thereby promoting muscle health, promot-
ing normal muscle function, and/or promoting healthy aging
muscles in the animal.

In a further aspect, the mammal is a human. In a still further
aspect, the human is a patient. In a yet further aspect, admin-
istration of the compound prevents muscle atrophy in the
mammal. In an even further aspect, administration of the
compound treats muscle atrophy in the mammal. In a still
further aspect, administration of the compound promotes
muscle health, promote normal muscle function, and/or pro-
mote healthy aging muscles in the mammal.

In a further aspect, the compound is administered in an
effective amount. In a yet further aspect, the effective amount
is a therapeutically effective amount. In a still further aspect,
the effective amount is a prophylactically effective amount. In
a still further aspect, the method further comprises the step of
identifying the mammal in need of treatment of muscle atro-
phy. In a yet further aspect, the method further comprises the
step of identifying the mammal in need of prevention of
muscle atrophy. In an even further aspect, the mammal has
been diagnosed with a need for treatment of muscle atrophy
prior to the administering step.

In a further aspect, the mammal is a domesticated animal.
In a yet further aspect, domesticated animal is livestock. In a
yet further aspect, the livestock animal is selected from pig,
cow, horse, goat, bison, and sheep.

f. Increasing Exercise Capacity

In one aspect, the invention relates to a method of increas-
ing exercise capacity in a mammal, the method comprising
administering to the animal an effective amount of tomati-
dine.

In a further aspect, the invention relates to a method of
increasing exercise capacity in a mammal, the method com-
prising administering to the animal an effective amount of a
compound, wherein the compound down regulates at least
one of the induced mRNAs of Muscle Atrophy Signature 1 or
Muscle Atrophy Signature 2, compared to expression levels
in the same type of the muscle cell in the absence of the
compound, and/or wherein the compound up regulates at
least one of the repressed mRNAs of Muscle Atrophy Signa-
ture 1 or Muscle Atrophy Signature 2, compared to expres-
sion levels in the same type of the muscle cell in the absence
of'the compound, thereby promoting muscle health, promot-
ing normal muscle function, and/or promoting healthy aging
muscles in the animal.

In a further aspect, the mammal is a human. In a still further
aspect, the human is a patient. In a yet further aspect, admin-
istration of the compound prevents muscle atrophy in the
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mammal. In an even further aspect, administration of the
compound treats muscle atrophy in the mammal. In a still
further aspect, administration of the compound promotes
muscle health, promote normal muscle function, and/or pro-
mote healthy aging muscles in the mammal.

In a further aspect, the compound is administered in an
effective amount. In a yet further aspect, the effective amount
is a therapeutically effective amount. In a still further aspect,
the effective amount is a prophylactically effective amount. In
a still further aspect, the method further comprises the step of
identifying the mammal in need of treatment of muscle atro-
phy. In a yet further aspect, the method further comprises the
step of identifying the mammal in need of prevention of
muscle atrophy. In an even further aspect, the mammal has
been diagnosed with a need for treatment of muscle atrophy
prior to the administering step.

In a further aspect, the mammal is a domesticated animal.
In a yet further aspect, domesticated animal is livestock. In a
yet further aspect, the livestock animal is selected from pig,
cow, horse, goat, bison, and sheep.

5. Facilitating Tissue Formation In Vitro

In one aspect, the invention relates to a method of enhanc-
ing tissue health in vitro, the method comprising administer-
ing to the tissue an effective amount of a compound wherein
the compound down regulates at least one of the induced
mRNAs of Muscle Atrophy Signature 1 or Muscle Atrophy
Signature 2, compared to expression levels in the same type of
the muscle cell in the absence of the compound, and/or
wherein the compound up regulates at least one of the
repressed mRNAs of Muscle Atrophy Signature 1 or Muscle
Atrophy Signature 2, compared to expression levels in the
same type of the muscle cell in the absence of the compound,
thereby promoting muscle health, promoting normal muscle
function, and/or promoting healthy aging muscles.

In a further aspect, the compound administered is a dis-
closed compound. In a further aspect, the compound is toma-
tidine.

In a further aspect, the tissue comprises animal cells. In a
still further aspect, the animal cells are muscle cells. In a yet
further aspect, the muscle cells are skeletal muscle stem or
progenitor cells. In an even further aspect, the skeletal muscle
stem or progenitor cells are grown on a scaffold.

6. Manufacture of a Medicament

In one aspect, the invention relates to a method for the
manufacture of a medicament for inhibiting muscle atrophy
and for promoting muscle health, promoting normal muscle
function, and/or promoting healthy aging muscles in a mam-
mal comprising combining a therapeutically effective amount
of a disclosed compound or product of a disclosed method
with a pharmaceutically acceptable carrier or diluent.

In one aspect, the invention relates to a method for manu-
facturing a medicament associated with muscle atrophy or the
need to promote muscle health, promote normal muscle func-
tion, and/or promote healthy aging muscles, the method com-
prising the step of combining an effective amount of one or
more of: (a) tomatidine, tomatidine analog, or a mixture
thereof; (b) a compound that down regulates multiple induced
mRNAs of Muscle Atrophy Signature 1, compared to expres-
sion levels in the same type of the muscle cell in the absence
of the compound; (¢) a compound that up multiple repressed
mRNAs of Muscle Atrophy Signature 1, compared to expres-
sion levels in the same type of the muscle cell in the absence
of the compound; (d) a compound that down regulates mul-
tiple induced mRNAs of Muscle Atrophy Signature 2, com-
pared to expression levels in the same type of the muscle cell
in the absence of the compound; and/or (¢) a compound that
up regulates at least one of the repressed mRNAs of Muscle
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Atrophy Signature 2, compared to expression levels in the
same type of the muscle cell in the absence of the compound,
with a pharmaceutically acceptable carrier or diluent.

In a further aspect, the medicament comprises a disclosed
compound. In a still further aspect, the compound is tomati-
dine.

In a further aspect, the medicament modulates muscle
health. In a still further aspect, the medicament inhibits
muscle atrophy. In a yet further aspect, the medicament pro-
mote muscle health, promote normal muscle function, and/or
promote healthy aging muscles.

7. Kits

Also disclosed herein are kit comprising tomatidine or a
tomatidine analog, and one or more of: a) at least one agent
known to promote muscle hypertrophy in an animal; b) at
least one agent known to decrease adiposity in an animal; ¢)
at least one agent known to have a side effect of promoting
adiposity; d) at least one agent known to promote skeletal
muscle atrophy; e) instructions for promoting muscle hyper-
trophy; f) instructions for decreasing adiposity; g) or at least
one anabolic agent.

In one aspect, the kit further comprises at least one agent,
wherein the compound and the agent are co-formulated.

In another aspect, the compound and the agent are co-
packaged. The agent can be any agent as disclosed herein,
such as anabolic agent, agent known to have a side effect of
muscle atrophy, agent known to decrease the risk of obtaining
muscle atrophy in an animal, or agent known to treat muscle
atrophy in an animal.

In one aspect, the invention relates to a kit comprising an
effective amount of one or more of: (a) a tomatidine analog;
(b) a compound that down regulates multiple induced
mRNAs of Muscle Atrophy Signature 1, compared to expres-
sion levels in the same type of the muscle cell in the absence
of'the compound; (¢) a compound that up regulates multiple
repressed mRNAs of Muscle Atrophy Signature 1, compared
to expression levels in the same type of the muscle cell in the
absence of the compound; (d) a compound that down regu-
lates multiple induced mRNAs of Muscle Atrophy Signature
2, compared to expression levels in the same type of the
muscle cell in the absence of the compound; and/or (e) a
compound that up regulates multiple repressed mRNAs of
Muscle Atrophy Signature 2, compared to expression levels
in the same type of the muscle cell in the absence of the
compound, (f) and one or more of: (i) a protein supplement;
(i1) an anabolic agent; (iii) a catabolic agent; (iv) a dietary
supplement; (v) at least one agent known to treat a disorder
associated with muscle wasting; (vi) instructions for treating
a disorder associated with cholinergic activity; or (vii)
instructions for using the compound to promote muscle
health, promote normal muscle function, and/or promote
healthy aging muscles.

The kits can also comprise compounds and/or products
co-packaged, co-formulated, and/or co-delivered with other
components. For example, a drug manufacturer, a drug
reseller, a physician, a compounding shop, or a pharmacist
can provide a kit comprising a disclosed compound and/or
product and another component for delivery to a patient.

It is contemplated that the disclosed kits can be used in
connection with the disclosed methods of making, the dis-
closed methods of using, and/or the disclosed compositions.

8. Identification of Compounds that Inhibit Muscle Atro-
phy

Also disclosed are methods for identifying a compound
that inhibits muscle atrophy when administered in an effec-
tive amount to an animal in need of treatment thereof, the
method comprising the steps of: (i) selecting a candidate
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compound; (i1) determining the effect of the candidate com-
pound on a cell’s expression levels of a plurality of induced
mRNAs and/or repressed mRNAs of a Muscle Atrophy Sig-
nature, wherein the candidate compound is identified as suit-
able for muscle atrophy inhibition if: (a) more than one of the
induced mRNAs of the Muscle Atrophy Signature are down
regulated, compared to expression levels of the induced
mRNAs of the Muscle Atrophy Signature in the same type of
cell in the absence of the candidate compound; and/or (b)
more than one of the repressed mRNAs of the Muscle Atro-
phy Signature are up regulated, compared to expression levels
of the repressed mRNAs of the Muscle Atrophy Signature in
the same type of cell in the absence of the candidate com-
pound. In one aspect, the method further comprises adminis-
tering the candidate compound to an animal. In yet another
aspect, the method further comprises writing a report. In yet
another aspect, the method further comprises reporting the
results. In yet another aspect, the method further comprises
performing further tests on the candidate compound, such as
confirmatory tests. In yet another aspect, the method further
comprises performing toxicity studies on the candidate com-
pound.

In a further aspect, the candidate compound comprises a
disclosed compound. In a still further aspect, the compound is
tomatidine.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

In a further aspect, the Muscle Atrophy Signature is Muscle
Atrophy Signature 1. In a still further aspect, the Muscle
Atrophy Signature is Muscle Atrophy Signature 2.

In a further aspect, the Muscle Atrophy Signature is deter-
mined according to steps comprising: a) determining mRNA
expression levels in a muscle cell undergoing muscle atrophy,
b) determining mRNA expression levels in a muscle cell not
undergoing muscle atrophy, wherein an mRNA is determined
to be part of the Muscle Atrophy Signature if: (a) the mRNA
is up regulated in the muscle cell undergoing muscle atrophy
compared to the muscle cell not undergoing muscle atrophy,
or (b) the mRNA is down regulated in the muscle cell under-
going muscle atrophy compared to the muscle cell not under-
going muscle atrophy.

In one aspect, the muscle cell undergoing atrophy and the
muscle cell not undergoing atrophy are harvested from an
animal. In another aspect, the muscle cell undergoing atrophy
is harvested while the animal is in a state of fasting and the
muscle cell not undergoing atrophy is harvested prior to the
state of fasting. In yet another aspect, the muscle cell under-
going atrophy is harvested from an immobilized muscle and
the muscle cell not undergoing atrophy is harvested from a
mobile muscle. In yet another aspect, the muscle cell under-
going atrophy is harvested from an animal with spinal cord
injury and the muscle cell not undergoing atrophy is har-
vested from a muscle that has received electrical stimulation.
In yet another aspect, the Muscle Atrophy Signature is deter-
mined by selecting mRNAs commonly up regulated or com-
monly down regulated between two or more of the Muscle
Atrophy Signatures of the methods described herein.

In a further aspect, the invention relates to a method for
inhibiting muscle atrophy in a mammal, the method compris-
ing administering to the mammal a therapeutically effective
amount of a compound of identified using the method
described above.

10

15

20

25

30

35

40

45

50

55

60

65

54

9. Identification of Compounds that Stimulate Muscle
Hypertrophy

Also disclosed are methods for identifying a compound
that stimulate muscle hypertrophy when administered in an
effective amount to an animal in need of treatment thereof, the
method comprising the steps of: (i) selecting a candidate
compound; (ii) determining the effect of the candidate com-
pound on a cell’s expression levels of a plurality of induced
mRNAs and/or repressed mRNAs of a Muscle Atrophy Sig-
nature, wherein the candidate compound is identified as suit-
able for stimulating muscle hypertrophy if: (a) more than one
of the induced mRNAs of the Muscle Atrophy Signature are
down regulated, compared to expression levels of the induced
mRNAs of the Muscle Atrophy Signature in the same type of
cell in the absence of the candidate compound; and/or (b)
more than one of the repressed mRNAs of the Muscle Atro-
phy Signature are up regulated, compared to expression levels
of the repressed mRNAs of the Muscle Atrophy Signature in
the same type of cell in the absence of the candidate com-
pound. In one aspect, the method further comprises adminis-
tering the candidate compound to an animal. In yet another
aspect, the method further comprises writing a report. In yet
another aspect, the method further comprises reporting the
results. In yet another aspect, the method further comprises
performing further tests on the candidate compound, such as
confirmatory tests. In yet another aspect, the method further
comprises performing toxicity studies on the candidate com-
pound.

In a further aspect, the candidate compound comprises a
disclosed compound. In a still further aspect, the compound is
tomatidine.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

Ina further aspect, the Muscle Atrophy Signature is Muscle
Atrophy Signature 1. In a still further aspect, the Muscle
Atrophy Signature is Muscle Atrophy Signature 2.

In a further aspect, the Muscle Atrophy Signature is deter-
mined according to steps comprising: a) determining mRNA
expression levels in a muscle cell undergoing muscle atrophy,
b) determining mRNA expression levels in a muscle cell not
undergoing muscle atrophy, wherein an mRNA is determined
to be part of the Muscle Atrophy Signature if: (a) the mRNA
is up regulated in the muscle cell undergoing muscle atrophy
compared to the muscle cell not undergoing muscle atrophy,
or (b) the mRNA is down regulated in the muscle cell under-
going muscle atrophy compared to the muscle cell not under-
going muscle atrophy.

In one aspect, the muscle cell undergoing atrophy and the
muscle cell not undergoing atrophy are harvested from an
animal. In another aspect, the muscle cell undergoing atrophy
is harvested while the animal is in a state of fasting and the
muscle cell not undergoing atrophy is harvested prior to the
state of fasting. In yet another aspect, the muscle cell under-
going atrophy is harvested from an immobilized muscle and
the muscle cell not undergoing atrophy is harvested from a
mobile muscle. In yet another aspect, the muscle cell under-
going atrophy is harvested from an animal with spinal cord
injury and the muscle cell not undergoing atrophy is har-
vested from a muscle that has received electrical stimulation.
In yet another aspect, the Muscle Atrophy Signature is deter-
mined by selecting mRNAs commonly up regulated or com-
monly down regulated between two or more of the Muscle
Atrophy Signatures of the methods described herein.

In a further aspect, the invention relates to a method for
stimulating muscle hypertrophy in a mammal, the method
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comprising administering to the mammal a therapeutically
effective amount of a compound of identified using the
method described above.

10. Identification of Compounds that Decrease Adiposity

Also disclosed are methods for identifying a compound
that decrease adiposity when administered in an effective
amount to an animal in need of treatment thereof, the method
comprising the steps of: (i) selecting a candidate compound;
(i1) determining the effect of the candidate compound on a
cell’s expression levels of a plurality of induced mRNAs
and/or repressed mRNAs of a Muscle Atrophy Signature,
wherein the candidate compound is identified as suitable for
decreasing adiposity if: (a) more than one of the induced
mRNAs of the Muscle Atrophy Signature are down regulated,
compared to expression levels of the induced mRNAs of the
Muscle Atrophy Signature in the same type of cell in the
absence ofthe candidate compound; and/or (b) more than one
of'the repressed mRNAs of the Muscle Atrophy Signature are
up regulated, compared to expression levels of the repressed
mRNAs of the Muscle Atrophy Signature in the same type of
cell in the absence of the candidate compound. In one aspect,
the method further comprises administering the candidate
compound to an animal. In yet another aspect, the method
further comprises writing a report. In yet another aspect, the
method further comprises reporting the results. In yet another
aspect, the method further comprises performing further tests
on the candidate compound, such as confirmatory tests. In yet
another aspect, the method further comprises performing tox-
icity studies on the candidate compound.

In a further aspect, the candidate compound comprises a
disclosed compound. In a still further aspect, the compound is
tomatidine.

In a further aspect, the animal is a mammal, fish or bird. In
a yet further aspect, the mammal is a primate. In a still further
aspect, the mammal is a human. In an even further aspect, the
human is a patient.

In a further aspect, the Muscle Atrophy Signature is Muscle
Atrophy Signature 1. In a still further aspect, the Muscle
Atrophy Signature is Muscle Atrophy Signature 2.

In a further aspect, the Muscle Atrophy Signature is deter-
mined according to steps comprising: a) determining mRNA
expression levels in a muscle cell undergoing muscle atrophy,
b) determining mRNA expression levels in a muscle cell not
undergoing muscle atrophy, wherein an mRNA is determined
to be part of the Muscle Atrophy Signature if: (a) the mRNA
is up regulated in the muscle cell undergoing muscle atrophy
compared to the muscle cell not undergoing muscle atrophy,
or (b) the mRNA is down regulated in the muscle cell under-
going muscle atrophy compared to the muscle cell not under-
going muscle atrophy.

In one aspect, the muscle cell undergoing atrophy and the
muscle cell not undergoing atrophy are harvested from an
animal. In another aspect, the muscle cell undergoing atrophy
is harvested while the animal is in a state of fasting and the
muscle cell not undergoing atrophy is harvested prior to the
state of fasting. In yet another aspect, the muscle cell under-
going atrophy is harvested from an immobilized muscle and
the muscle cell not undergoing atrophy is harvested from a
mobile muscle. In yet another aspect, the muscle cell under-
going atrophy is harvested from an animal with spinal cord
injury and the muscle cell not undergoing atrophy is har-
vested from a muscle that has received electrical stimulation.
In yet another aspect, the Muscle Atrophy Signature is deter-
mined by selecting mRNAs commonly up regulated or com-
monly down regulated between two or more of the Muscle
Atrophy Signatures of the methods described herein.
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In a further aspect, the invention relates to a method for
decreasing adiposity in a mammal, the method comprising
administering to the mammal a therapeutically effective
amount of a compound of identified using the method
described above.

11. Non-Medical Uses

Also provided are the uses of the disclosed compounds and
products as pharmacological tools in the development and
standardization of in vitro and in vivo test systems for the
evaluation of the effects of inhibitors of muscle atrophy
related activity in laboratory animals such as cats, dogs, rab-
bits, monkeys, rats, fish, birds, and mice, as part of the search
for new therapeutic agents of promoting muscle health, pro-
moting normal muscle function, and/or promoting healthy
aging muscles.

Also provided are methods increasing muscle mass in
domesticated animals, such as animals suitable for meat pro-
duction, comprising administering to the domesticated ani-
mal an effective amount of the disclosed compounds. In one
aspect, the disclosed compound is tomatidine. Animals suit-
able for meat production include, but are not limited to cows,
bulls, bison, horses, sheep, goats, pigs, ducks, geese, lamas,
camels, dromedary, boars, turkeys, and chickens.

E. EXPERIMENTAL

The following examples are put forth so as to provide those
of ordinary skill in the art with a complete disclosure and
description of how the compounds, compositions, articles,
devices and/or methods claimed herein are made and evalu-
ated, and are intended to be purely exemplary of the invention
and are not intended to limit the scope of what the inventors
regard as their invention. However, those of skill in the art
should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without
departing from the spirit and scope of the invention.

Efforts have been made to ensure accuracy with respect to
numbers (e.g., amounts, temperature, etc.), but some errors
and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, temperature is in ° C. or
is at ambient temperature, and pressure is at or near atmo-
spheric.

Certain materials, reagents and kits were obtained from
specific vendors as indicated below, and as appropriate the
vendor catalog, part or other number specifying the item are
indicated. Vendors indicated below are as follows: “Ambion”
is Ambion, a division of Life Technologies Corporation, Aus-
tin, Tex., USA; “Applied Biosystems” is Applied Biosystems,
adivision of Life Technologies Corporation, Carlsbad, Calif.,
USA; “Boehringer Mannheim” is Boehringer Mannheim
Corporation, Indianapolis, Ind., USA; “CardinalHealth” is
Cardinal Health, Inc., Dublin, Ohio, USA; “Cell Signaling” is
Cell Signaling Technology, Inc., Beverly, Mass., USA;
“Columbus Inst” is Columbus Instruments International,
Columbus, Ohio, USA; “Harlan” is Harlan Laboratories,
Indianapolis, Ind., USA; “Instrumedics™ is Instrumedics,
Inc., Richmond, 111., USA; “Invitrogen” is Invitrogen Corpo-
ration, Carlsbad, Calif., USA; “Microm” is the Microm divi-
sion (Walldorf, Germany) of Thermo Fisher Scientific Inc.,
Rockford, 111., USA; “Millipore” is Millipore Corporation,
Billerica, Mass., USA; a division of Merck KGaA, Darms-
tadt, Germany; “Ortho” is Ortho Clinical Diagnostics, Roch-
ester, N.Y., USA; “Pierce” is Pierce Biotechnology, Inc., Mil-
waukee, Wis., USA, a division of Thermo Fisher Scientific,
Inc.; “R&D Systems” is R&D Systems Inc., Minneapolis,
Minn., USA; “Roche Diagnostics” is Roche Diagnostics Cor-
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poration, Indianapolis, Ind., USA; “Sakura” is Sakura
Finetek USA, Inc., Torrance, Calif., USA; “Santa Cruz” is
Santa Cruz Biotechnology, Inc., Santa Cruz, Calif., USA;
and, “Sigma” is Sigma-Aldrich Corporation, Saint Louis,
Mo., USA.

1. General Methods

a. Determination of Human Muscle Atrophy Signatures 1
and 2.

Human muscle atrophy signatures 1 and 2 were determined
as previously described in Kunkel, S. D., et al. ((2011) Cel/
metabolism 13, 627-638).

b. Mouse Protocols.

Male C57BL/6 mice, ages 6-8 weeks, were obtained from
NCI, housed in colony cages with 12 h light/12 h dark cycles.
Mice were used for experiments within 3 weeks of their
arrival. Unless otherwise indicated, mice were maintained on
standard chow (Harlan; Teklad Diet, Formula 7013, NIH-31
Modified Open Formula Mouse/Rat Sterilizable Diet). Urso-
lic acid and tomatidine (Enzo Life Sciences) were prepared as
suspensions in corn oil (for i.p. injections); alternatively, the
ursolic acid and tomatidine were added directly to standard
chow (Harlan; Teklad Diet, Formula 7013) or standard high
fat diet (Harlan; Teklad Diet, Formula TD.93075) as a cus-
tomized chow. Mice were fasted by removing food, but not
water, for 24 hours. Unilateral TA muscle immobilization was
performed under isoflurane anesthesia using an Autosuture
Royal 35W skinstapler (Tyco Healthcare, Point Claire, QC,
Canada) as described previously by Ebert S M, et al., (/. Biol.
Chem. 287: 27290-27301, 2012).

Fasting blood glucose levels were obtained from the tail
vein with an ACCU-CHEK® Aviva glucose meter (Roche
Diagnostics). Forelimb grip strength was determined using a
grip strength meter equipped with a triangular pull bar (Co-
lumbus Inst). Each mouse was subjected to 5 consecutive
tests to obtain the peak value. Plasma leptin levels were
measured by RIA at the Vanderbilt University Hormone
Assay Core Facility. Plasma cholesterol, triglyceride, creati-
nine, bilirubin and AL'T were measured using the VITROS®
350 Chemistry System (Ortho). Energy expenditure was
determined as previously described by Kunkel S D, et al.
(PLoS ONE. 7: €39332, 2012). NMR measurements of lean
and fat mass determined with a Bruker minispec LF90II body
composition analyzer. All animal procedures were approved
by the Institutional Animal Care and Use Committee of the
University of lowa.

c. Histological Analysis.

Following harvest, tissues were immediately placed in iso-
pentane that had been chilled to -160° C. with liquid N,.
Muscles were embedded in tissue freezing medium, and 10
um sections from the mid-belly were prepared using a
Microm HM 505 E cryostat equipped with a Cryolane sec-
tioning system (Instrumedics). Adipose tissue was fixed in
10% neutral buffered formalin, embedded in paraffin, and
then 4 um sections were prepared using a Microm HM355 S
motorized microtome (Microm). Hematoxylin and eosin
stains were performed using a DRS-601 automatic slide
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stainer (Sakura), and examined on an Olympus 1X-71 micro-
scope equipped with a DP-70 camera. Image analysis was
performed using ImagelJ software (public domain, available
from the National Institutes of Health, USA). Muscle fiber
diameter was measured using the lesser diameter method, as
described elsewhere (Dubowitz V, et al. (2007) Muscle
biopsy: a practical approach (Saunders Elsevier, Philadel-
phia) 3rd Ed pp XIII, 611 s).

d. Measurement of Serum Ursolic Acid Levels.

Ursolic acid is extracted from serum using a 10:1 mixture
ofhexane:propanol (recovery>90%), and then conjugated via
its carboxylic acid group to 2-(2,3-naphthalimino)ethyl trif-
luoromethanesulfonate (Invitrogen; Ne-OTf), a moiety that
enhances TUV and fluorescence detection. Derivatized
samples are then analyzed on a Waters Acquity UPLC
equipped with a 100x2.1 mm C18 HSS column with 1.8 um
beads (Waters Part No. 186003533) and a TUV detector.

2. Summary of Data

These studies began with a search for pharmacologic
inhibitors of skeletal muscle atrophy. Skeletal muscle atrophy
is common and debilitating condition that lacks a pharmaco-
logic therapy. To identify and develop new therapeutic
approaches to this pathophysiological condition, an approach
using gene expression signatures to connect small molecules,
genes, and disease was used. Briefly, two unbiased mRNA
expression signatures of skeletal muscle atrophy were deter-
mined (Kunkel S D, et al. Cell Metabolism. 13: 627-638,
2011). It was next hypothesized that pharmacologic com-
pounds whose effects on cellular mRNA levels were opposite
to muscle atrophy signatures-1 and -2 might inhibit skeletal
muscle atrophy. To identify candidate compounds, the Con-
nectivity Map (Lamb J, et al. (2006) Science (New York, N.Y.
313(5795):1929-1935) was used to compare muscle atrophy
signatures-1 and -2 to mRNA expression signatures of >1300
bioactive small molecules. These results identified several
predicted inhibitors of human skeletal muscle atrophy,
including ursolic acid and tomatidine. The predicted inhibi-
tors of human skeletal muscle atrophy, i.e. compounds with
negative connectivity with the muscle atrophy signatures, are
shown in Tables 1 and 2 below. Table 1 shows compounds
with negative connectivity to human muscle atrophy signa-
ture-1, whereas Table 2 shows compounds with negative con-
nectivity to human muscle atrophy signature-2.

As a proof-of-concept of the utility of muscle atrophy
signatures-1 and -2 described herein, the effects of ursolic
acid were assessed in mice, and surprisingly it was discovered
ursolic acid inhibited muscle atrophy and also promoted
muscle hypertrophy and reduced adiposity as shown by
Kunkel, S. D, et al. ((2011) Cell metabolism 13, 627-638).
Further studies showed that urslic acid also reduced diet-
induced obesity, pre-diabetes and fatty liver disease as shown
by Kunkel S. D., et al. (PLoS ONE. 7: €39332, 2012). Some
of'these ursolic acid data are described in greater detail below.
Thereatfter, it is shown that tomatidine, like ursolic acid,
reduces muscle atrophy, stimulates muscle hypertrophy and
reduces adiposity and diet-induced obesity.

TABLE 1

Compounds with negative connectivity to human muscle atrophy signature-1.

Connectivity %
Cmap name/cell line score n  Enrichment P Specificity Non-null
conessine-HL60 -0.752 1 -0.991 — — 100
allantoin-HL60 -0.622 1 -0.954 — — 100
conessine-PC3 -0.598 1 -0.941 — — 100
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TABLE 1-continued

60

Compounds with negative connectivity to human muscle atrophy signature-1.

Connectivity %
Cmap name/cell line score n  Enrichment P Specificity Non-null
tacrine-HL60 -0.551 1 -091 — — 100
tomatidine-HL60 -0.497 1 -0.873 — — 100
tomatidine-PC3 -0.483 1 -0.861 — — 100
naringenin-PC3 -0.462 1 -0.846 — — 100
allantoin-MCF7 -0.347 2 -0.735 0.13873 0.1118 50
tomatidine-MCF7 -0.343 2 -0.78 0.09489 0.2263 50
naringenin-MCF7 -0.219 2 -0.546 0.4127 0.6589 50
allantoin-PC3 -0.077 2 -0.414 0.78446 0.7654 50

TABLE 2

Compounds with negative connectivity to human muscle atrophy signature-2.

Connectivity %
Cmap name/cell line score n  Enrichment P Specificity ~ Non-null
tacrine-HL60 -0.870 1 -0.998 — — 100
tomatidine-PC3 -0.861 1 -0.998 — — 100
naringenin-PC3 -0.754 1 -0.990 — — 100
betulinic acid-HL60 -0.569 1 -0.929 — — 100
conessine-HL60 -0.543 1 -0.915 — — 100
allantoin-MCF7 -0.486 2 -0.840 0.05114  0.04710 100
naringenin-MCF7 -0.314 2 -0.460 0.64871  0.84500 50
tomatidine-MCF7 -0.281 2 -0.611 0.30586  0.65260 50
tomatidine-HL60 -0.763 1 -0.991 — — 100

3. Ursolic Acid Induces Skeletal Muscle Hypertrophy.

The results that ursolic acid reduced muscle atrophy, sug-
gested the hypothesis that ursolic acid might promote muscle
hypertrophy in the absence of an atrophy-inducing stress was
reasonable. Mice were provided ad lib access to either stan-
dard chow (control diet) or standard chow supplemented with
0.27% ursolic acid (ursolic acid diet) for 5 weeks before grip
strength was measured and tissues were harvested. After five
weeks, mice administered ursolic had increased lower hind-
limb muscle weight, quadriceps weight, and upper forelimb
muscle (triceps and biceps) weight.

Moreover, dietary ursolic acid increased the specific force
generated by muscles ex vivo. Briefly, six-week old male
C57BL/6 mice were provided either standard diet or diet
containing 0.27% ursolic acid for 16 weeks before being
euthanized. The lower hindlimb was removed (by transecting
the upper hindlimb mid-way through the femur), and placed
in Krebs solution aerated with 95% O, and 5% CO,. The
gastrocnemius, soleus and tibialis anterior muscles, as well as
the distal half of the tibia and fibula were then removed and
discarded, leaving the extensor digitorum longus and pero-
neus muscles with their origins and insertions intact. A suture
was placed through the proximal tendon and secured to the
distal femur fragment. This ex vivo preparation was then
mounted vertically in a water jacket bath (Aurora Scientific
1200A Intact Muscle Test System, filled with aerated Krebs
solution) by attaching the suture to a servo-controlled lever
(superiorly) and clamping the metatarsals (inferiorly). Pas-
sive muscle force was adjusted to a baseline of 1 g, and then
muscles were stimulated with supramaximal voltage (80 V) at
100 Hz. The mean time from euthanasia to maximal force
measurements was 10 min. After force measurements,
muscles were removed and weighed in order to calculate
specific titanic force. Data are means+SEM from 5-6 mice per
diet. P-values were determined with a t-test. Together, the
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data provide morphological and functional evidence that
ursolic acid induced skeletal muscle hypertrophy.

4. Ursolic Acid Reduces Adiposity.

Mice were provided ad lib access to standard chow supple-
mented with the indicated concentration (weight percent in
chow, either 0.14% or 0.28%) of ursolic acid for 7 weeks
before tissues were harvested for analysis. Data are
means+SEM from 10 mice per diet. Data for the effects of
ursolic acid on weights of skeletal muscle (quadriceps+tri-
ceps), epididymal fat, retroperitoneal fat and heart show that
7 weeks of dietary ursolic acid increased skeletal muscle
weight in a dose-dependent manner, with a peak effect at
0.14% ursolic acid. Interestingly, although ursolic acid
increased muscle weight, it did not increase total body weight
(P-values were 0.71 and 0.80 for initial and final weights,
respectively).

The data also show that 7 weeks of dietary ursolic acid
reduced the weight of epididymal and retroperitoneal fat
depots, with a peak effect at 0.14%. In another study, mice
were provided ad lib access to either standard chow (control
diet) or standard chow supplemented with 0.27% ursolic acid
(ursolic acid diet) for 5 weeks. The relationship between
skeletal muscle weight (quadriceps, triceps, biceps, TA, gas-
trocnemius and soleus) and retroperitoneal adipose weight
show that 5 weeks of ursolic acid administration (0.14%) also
reduced adipose weight. Thus, muscle and fat weights were
inversely related. Without wishing to be bound by a particular
theory, ursolic acid-treated mice contain less fat because, in
part, ursolic acid increases skeletal muscle Akt activity
(Kunkel S. D., etal. Cell Metabolism. 13: 627-638,2011),and
muscle-specific increases in Akt activity reduce adiposity as a
secondary consequence of muscle hypertrophy (Lai K M, et
al. (2004) Molecular and cellular biology 24(21):9295-9304;
IzumiyayY, et al. (2008) Cell metabolism 7(2):159-172).
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Ursolic acid reduced adipose weight by reducing adipocyte
size. The changes in adipocyte size were accompanied by a
significant reduction in plasma leptin levels, which correlated
closely with adipose weight. Importantly, ursolic acid also
significantly reduced plasma triglyceride and cholesterol.
Although ursolic acid reduced leptin, it did not alter food
intake. Inthis study, mice were provided ad lib access to either
standard chow (control diet) or standard chow supplemented
with 0.27% ursolic acid (ursolic acid diet) for 4 weeks. Mice
were then moved to a comprehensive animal metabolic moni-
toring system (CLAMS; Columbus Instruments, Columbus,
Ohio) and provided with ad lib access to the same diets. Food
consumption was measured for 48 hours. Data are
means+SEM from 6 mice per group. However, ursolic acid
did not alter weights of heart, liver or kidney, nor did it elevate
plasma markers of hepatotoxicity or nephrotoxicity (alanine
aminotransferase, bilirubin and creatinine) The data were
obtained as follows: mice were provided ad lib access to
either standard chow (control diet) or standard chow supple-
mented with 0.27% ursolic acid (ursolic acid diet) for 5 weeks
before tissues and plasma were harvested for the indicated
measurements; each data point represents one mouse, and
horizontal bars denote the means. Thus, dietary ursolic acid
had two major effects: skeletal muscle hypertrophy and
reduced adiposity.

5. Ursolic Acid Reduces Weight Gain and White Adipose
Tissue.

The findings that ursolic acid increased skeletal muscle and
decreased adiposity suggested that ursolic acid might
increase energy expenditure, which would lead to obesity
resistance. To test this, C57BL/6 mice were given ad libitum
access to a high fat diet (HFD; Teklad TD.93075; 55% calo-
ries from fat) lacking or containing 0.27% ursolic acid. After
7 weeks, mice from each group were studied for three days in
comprehensive lab animal monitoring systems (“CLAMS”;
Columbus Instruments). In the CLAMS, mice were main-
tained on the same diet they had been eating since the begin-
ning of the experiment. Following CLAMS, tissues were
harvested for analysis. In high fat-fed mice, ursolic acid dra-
matically reduced weight gain, and this effect was apparent
within one week. As previously observed in mice fed ursolic
acid and standard chow, ursolic acid increased grip strength
and muscle mass. Moreover, ursolic acid reduced retroperi-
toneal and epididymal fat. Interestingly, in the scapular fat
pad, which contains a mixture of white and thermogenic
brown fat, ursolic acid reduced white fat, but increased brown
fat. Importantly, increased skeletal muscle and brown adipose
tissue would be predicted to increase energy expenditure.
Indeed, CLAMS revealed that ursolic acid increased energy
expenditure, providing an explanation for how ursolic acid
reduces adiposity and obesity. Remarkably, CLAMS analysis
revealed that ursolic acid-treated mice consumed more food,
even though they gained less weight.

6. Ursolic Acid Reduces Obesity-Related Pre-Diabetes,
Diabetes, Fatty Liver Disease and Hypercholesterolemia.

The study was carried out as follows: C57BL/6 mice were
given ad libitum access to a high fat diet (“HFD”; Teklad
TD.93075; 55% calories from fat) lacking or containing
0.27% ursolic acid. After 5 weeks, mice were fasted for 16 h
before blood glucose was measured via the tail vein. Normal
fasting blood glucose: <100 mg/dl. (B-I) After 7 weeks, liver
and plasma were harvested for analysis. The data suggest that
most mice fed HFD without ursolic acid for 6 weeks devel-
oped impaired fasting glucose (pre-diabetes) or diabetes.
Importantly, this was prevented by ursolic acid. In addition,
mice fed HFD without ursolic acid developed fatty liver dis-
ease, as evidenced by increased liver weight (>30% increase
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above normal mouse liver weight of 1500 mg), hepatocellular
lipid accumulation, and elevated plasma liver function tests.
However, ursolic acid prevented all of these hepatic changes.
In addition, ursolic acid reduced obesity-related hypercholes-
terolemia.

7. Ursolic Acid Serum Levels Associated with Increased
Muscle Mass and Decreased Adiposity.

To determine the dose-response relationship between
dietary ursolic acid and muscle and adipose weight, C57BL/6
mice were fed standard chow containing varying amounts of
ursolic acid for 7 weeks. Serum ursolic acid levels from mice
were determined as described above. As shown previously,
ursolic acid increased skeletal muscle weight and decreased
weight of retroperitoneal and epididymal fat pads in a dose-
dependent manner, but did not alter heart weight. These
effects of ursolic acid were discernable at 0.035% ursolic acid
and were maximal at doses =0.14% ursolic acid. Serum was
collected from these same mice at the time of necropsy, and
then measured random serum ursolic acid levels via ultra-
high performance liquid chromatography (UPLC). The data
indicate that ursolic acid serum levels in the range 0£0.25-0.5
ng/ml are sufficient to increase muscle mass and decrease
adiposity. Of note, 0.5 ng/mlequals 1.1 uM ursolic acid, close
to the dose used in the Connectivity Map (8.8 uM) and in the
C2C12 experiments (10 uM) described above.

8. Tomatidine Reduces Fasting-Induced Skeletal Muscle
Atrophy

Tomatidine has the following structure:

The mRNA expression signature of tomatidine negatively
correlated to muscle atrophy signature-1 (Table 1) and muscle
atrophy signature-2 (Table 2). Therefore tomatidine could
inhibit skeletal muscle atrophy. To test this, food was with-
drawn from mice, and then vehicle, ursolic acid (200 mg/kg)
or tomatidine (50 mg/kg) were administered by 1.p. injection.
Twelve hours later, mice received another i.p. injection of
vehicle or the same dose of ursolic acid or tomatidine. Twelve
hours later, skeletal muscles were harvested and weighed.
Both ursolic acid and tomatidine increased skeletal muscle,
indicating decreased fasting-induced skeletal muscle atrophy
(FIG. 1). We next used the same protocol to compare the
effects of vehicle (corn oil) and tomatidine (5, 15 and 50
mg/kg). Tomatidine reduced muscle atrophy in a dose-depen-
dent manner, with maximal effect at 50 mg/kg and EC50
between 5 and 15 mg/kg (FIG. 2). Moreover, tomatidine
increased the size of skeletal muscle fibers in fasted muscles
(FIGS. 3 and 4), indicating reduced muscle atrophy. Data in
FIG. 1 are mean skeletal muscle weight+SEM from =9 mice
per condition; ¥*P<0.05 by unpaired t-test. Data in FIG. 2 are
mean skeletal muscle weight+SEM from =11 mice per con-
dition; *P<0.05 by unpaired t-test. In FIGS. 1 and 2 skeletal
muscle weight represents the combined weights of bilateral
quadriceps, tibialis anterior, gastrocnemius and soleus
muscles. Data in FIG. 3 are mean fiber diameters+SEM from
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TA muscles of >4 fasted mice per condition; ***P<0.0001 by
unpaired t-test. Data in FIG. 4 are size distributions of fibers
from FIG. 3 (2650 fibers per condition). Tomatidine was
obtained from Enzo Life Sciences. Taken together, these data
indicate that tomatidine reduces fasting-induced skeletal
muscle atrophy.

9. Tomatidine Reduces Immobilization-Induced Skeletal
Muscle Atrophy and Enhances Recovery from Immobiliza-
tion-Induced Skeletal Muscle Atrophy

To test whether tomatidine can reduce skeletal muscle atro-
phy in immobilized muscles, mice were given i.p. injections
of vehicle (corn oil) or tomatidine (5, 15 or 50 mg/kg) twice
a day beginning on day 0. On day 2, the left tibialis anterior
(TA) muscle of each mouse was immobilized using an Auto-
suture Royal 35W skin stapler to induce skeletal muscle
atrophy. During immobilization, vehicle or the same doses of
tomatidine continued to be administered via i.p. injection
twice daily, and the right TA remained mobile and served as
an intrasubject control. On day 8, bilateral TA muscles were
harvested and weighed. In each mouse, the left (immobile)
TA weight was normalized to the right (mobile) TA weight.
Tomatidine reduced muscle atrophy in a dose-dependent
manner, with maximal effect at 50 mg/kg and EC50<5 mg/kg
(FIG. 5). Moreover, tomatidine increased the size of skeletal
muscle fibers in immobilized muscles (FIGS. 6 and 7), indi-
cating reduced muscle atrophy. Data in FIG. 5 are
means+SEM from =11 mice per condition; *P<0.05 and
*#P<0.01 by unpaired t-test. Data in FIG. 6 are mean fiber
diameters+SEM from 4 immobilized TA muscles per condi-
tion; ***P<0.001 by unpaired t-test. Data in FIG. 7 are fiber
size distributions of =1500 fibers from 4 immobilized TA
muscles per condition. Collectively, these data indicate that
tomatidine reduces immobilization-induced muscle atrophy.

To determine whether tomatidine might enhance recovery
from skeletal muscle atrophy, mouse TA muscles were immo-
bilized for 7 days to induce atrophy (FIG. 8). Muscles were
then remobilized by removing the staple from the left TA
muscle. Treatment with vehicle or tomatidine (25 mg/kg) was
then initiated. Both vehicle and tomatidine were given via i.p.
injection twice daily. Tomatidine significantly enhanced the
recovery of skeletal muscle mass. Data in FIG. 8 are
means+xSEM from 8 mice per condition; **P<0.01 by
unpaired t-test. Taken together, these data indicate that toma-
tidine is effective as both a prevention and treatment for
skeletal muscle atrophy.

10. Tomatidine Stimulates Skeletal Muscle Hypertrophy
and Reduces Adiposity in Non-Obese Mice

The finding that tomatidine reduces skeletal muscle atro-
phy suggested that tomatidine might stimulate skeletal
muscle hypertrophy. To test this, age- and weight-matched
6-8 week old male C57BL/6 mice were obtained from the
National Cancer Institute. Upon arrival, baseline body com-
position was measured by NMR using a Bruker minispec
LEF90, instrument. One week later, cages of mice were ran-
domized to receive ad libitum access to either standard chow
(Harlan Teklad formula 7013) or standard chow supple-
mented with 0.05% tomatidine. Over the next 5 weeks, body
weight and food intake per cage were measured weekly. After
5 weeks in the absence or presence of tomatidine treatment,
forelimb grip strength was determined using a grip strength
meter (Columbus Instruments) and body composition was
re-analyzed by NMR. Mice were then euthanized and skeletal
muscles (bilateral triceps, quadriceps, TA, gastrocnemius and
soleus) and fat pads (retroperitoneal, scapular, and epididy-
mal) were harvested and weighed. Histologic sections of TA
muscles were prepared for fiber size analysis.
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Tomatidine did not significantly alter total body weight or
food intake. However, NMR body composition analysis dem-
onstrated that tomatidine significantly increased lean mass
and decreased fat mass (FIG. 9). Data in FIG. 9 are means—/+
SEM from 16 mice per condition; *P<0.05. P-values were
determined with unpaired t-tests. Increased lean mass was
consistent with skeletal muscle hypertrophy, whereas
decreased fat mass indicated reduced adiposity.

Consistent with skeletal muscle hypertrophy, tomatidine
significantly increased grip strength (FIG. 10), as well as the
weights of triceps, quadriceps, TA, gastrocnemius and soleus
muscles and the sum total weight of these skeletal muscles.
Moreover, tomatidine increased the size of skeletal muscle
fibers. In FIG. 10, each data point represents one mouse and
the horizontal bars denote the means—/+SEM from 15 mice
per condition. Taken together, these data indicate that toma-
tidine stimulates skeletal muscle hypertrophy.

In contrast to its effects on skeletal muscle, tomatidine
decreased the weight of retroperitoneal, scapular, and epid-
idymal fat pads and the sum total weight of these fat pads.
These data are consistent with the finding that tomatidine
reduced fat mass by NMR. Taken together, these data indicate
that tomatidine reduces adiposity in non-obese mice.

There was a significant negative correlation between fat
weight and skeletal muscle weight. Skeletal muscle weight
represents the combined weights of bilateral triceps, quadri-
ceps, tibialis anterior, gastrocnemius, and soleus muscles. Fat
weight represents the combined weights of bilateral epididy-
mal, retroperitoneal and scapular fat pads. Coupled with the
findings that tomatidine stimulates muscle hypertrophy and
decreases adiposity, these data indicate that tomatidine
increases the ratio of skeletal muscle to fat.

11. Tomatidine Stimulates Skeletal Muscle Hypertrophy
and Reduces Adiposity and Obesity in Diet-Induced Mice

The findings that tomatidine increased skeletal muscle and
decreased adiposity in non-obese mice suggested that toma-
tidine might increase muscle and reduce adiposity and obe-
sity in diet-induced obese mice. To test this, age- and weight-
matched 6-8 wk old male C57BL/6 mice were obtained from
the National Cancer Institute and randomized to receive ad
libitum access to either high fat diet (“HFD,” Harlan Teklad
formula TD.93075) or HFD supplemented with 0.05% toma-
tidine. Over the next 6 weeks, body weight and food intake
per cage were measured weekly. After 6 weeks in the absence
or presence of tomatidine treatment, forelimb grip strength
was determined using a grip strength meter (Columbus
Instruments). Mice were then euthanized and skeletal
muscles (bilateral triceps, quadriceps, TA, gastrocnemius and
soleus) and fat pads (retroperitoneal, scapular, and epididy-
mal) were harvested and weighed.

As expected, HFD markedly increased total body weight
and induced obesity in both groups of mice. However, toma-
tidine significantly reduced the amount of weight gain. In
addition, tomatidine significantly increased food intake.
These data indicate that tomatidine reduces obesity. More-
over, the findings that tomatidine decreased weight gain but
increased food intake suggest that tomatidine reduces weight
gain by increasing energy expenditure. A potential mecha-
nism of increased energy expenditure is increased skeletal
muscle mass.

Although tomatidine reduced weight gain, it significantly
increased grip strength, as well as the weights of triceps,
quadriceps, TA, gastrocnemius and soleus muscles and the
sum total weight of these skeletal muscles. Taken together,
these data indicate that tomatidine stimulates skeletal muscle
hypertrophy in obese mice.
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In contrast to its effects on skeletal muscle, tomatidine
decreased the weight of retroperitoneal, scapular, and epid-
idymal fat pads and the sum total weight of these fat pads
(FIG. 11). In FIG. 11, each data point represents one mouse
and the horizontal bars denote the means—/+SEM from >14
mice per condition. P-values were determined with unpaired
t-tests. Taken together, these data indicate that tomatidine
reduces adiposity in obese mice.

There was a significant negative correlation between fat
weight and skeletal muscle weight. Skeletal muscle weight
represents the combined weights of bilateral triceps, quadri-
ceps, tibialis anterior, gastrocnemius, and soleus muscles. Fat
weight represents the combined weights of bilateral epididy-
mal, retroperitoneal and scapular fat pads. Coupled with the
findings that tomatidine stimulates muscle hypertrophy and
decreases adiposity, these data indicate that tomatidine
increases the ratio of skeletal muscle to fat in obese mice.

12. Tomatidine Stimulates Protein Accretion and Hyper-
trophy in Cultured Skeletal Myotubes

The finding that tomatidine stimulated skeletal muscle
hypertrophy in vivo suggested that tomatidine might have
similar effects in a well-established in vitro model of skeletal
muscle: fully differentiated, post-mitotic C2C12 skeletal
myotubes. To test this, mouse C2C12 myoblasts were
obtained from ATCC (CRL-1772) and maintained at 37° C.
and 5% CO, in Dulbecco’s modified Eagle’s medium (ATCC
#30-2002) containing antibiotics (100 units/ml penicillin,
100 mg/ml streptomycin sulfate) and 10% (v/v) fetal bovine
serum (FBS). Myoblasts were set up for experiments on day
01in 6-well plates at a density of 2.5x10° cells/well. On day 2,
myoblasts were induced to differentiate into myotubes by
replacing 10% FBS with 2% horse serum (HS). On day 7,
myotubes were rinsed once with PBS, and then 2% HS was
replaced with 10% FBS. The vehicle (0.1% DMSO) or vary-
ing concentrations of tomatidine were added directly to the
media. After 48 h incubation, myotube protein content and
size were measured.

To determine myotube protein content, myotubes were
washed with ice cold PBS, scraped into lysis buffer (10 mM
Tris-HC], pH 7.6, 100 mM NaCl, and 1% (w/v) SDS, com-
plete Mini protease inhibitor cocktail (Roche), and a 1:100
dilution of phosphatase inhibitor cocktail 3 (Sigma)), and
then lysed with 10 passes through a 22-gauge needle. An
aliquot of each myotube lysate sample was then used to
determine protein concentration by the BCA kit (Pierce).
Tomatidine significantly increased total cellular protein in a
dose-dependent manner, indicating myotube hypertrophy. To
determine myotube size, myotubes were subjected to immu-
nofluorescence staining with anti-troponin primary antibody
and a fluorescent secondary antibody. Myotubes were then
imaged on an Olympus [X-71 microscope equipped with a
DP-70 camera and epifluorescence filters. Image analysis was
performed using Imagel] software. Tomatidine increased
myotube diameter in a dose-dependent manner, indicating
myotube hypertrophy. Taken together, these data indicate that
tomatidine stimulates skeletal myotube hypertrophy in vitro.
Inaddition, these data indicate that tomatidine directly affects
skeletal muscle cells, as opposed to a secondary eftect arising
from non-muscle tissues.

13. Tomatidine Stimulates Protein Accretion and Hyper-
trophy in Cultured Skeletal Myotubes from Human

To determine if tomatidine might promote growth of
human skeletal muscle cells, primary human skeletal myo-
tubes were incubated with varying concentrations of tomati-
dine, and then total cellular protein was measured. Primary
human skeletal myoblasts, obtained from Lonza, were set-up
in 6-well plates at a density of 1x10° cells/well. On day 2,
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myoblasts were induced to differentiate into myotubes by
replacing 10% fetal bovine serum (FBS) with 2% horse serum
(HS). Onday 7, fully differentiated myotubes were incubated
for 48 h with 10% FBS plus varying concentrations of toma-
tidine, and then harvested for quantification of total cellular
protein and DNA with the [llustra TriplePrep kit (GE Health-
care). In each sample, protein was normalized to the amount
of DNA, which was not altered by tomatidine. Submicromo-
lar concentrations of tomatidine significantly increased
human myotube protein in a dose-dependent manner. Data
are means+tSEM from 9 samples per condition. **Ps<
0.01; ***P<0.001.

To determine if tomatidine stimulates cellular hypertrophy
in human skeletal myotubes, fully differentiated human skel-
etal myotubes were incubated for 48 h with 10% FBS plus
either vehicle (0.1% DMSQO; control) or 1 uM tomatidine, and
then stained with anti-troponin antibody to evaluate myotube
size. For troponin staining, myotubes were washed with phos-
phate-buffered saline, fixed in 4% paraformaldehyde, perme-
abilized with methanol, blocked with 5% normal goat serum,
and then sequentially immunostained with anti-troponin T
mouse monoclonal antibody (CT3, University of lowa Devel-
opmental Studies Hydridoma Bank) and goat anti-mouse
antibody conjugated to Alexa Fluor 488. Myotubes were
imaged an Olympus IX71 microscope equipped with a DP70
camera and epifluorescence filters. The diameter of each
myotube was determined as the mean of three measurements
per myotube. Tomatidine significantly increased the size of
human skeletal myotubes, indicating myotube hypertrophy.
Collectively, these data indicate that tomatidine stimulates
protein accretion and hypertrophy in cultured skeletal myo-
tubes from humans. These data also suggest that human
muscle cells respond to tomatidine in a similar manner as
mouse skeletal muscle, and provide evidence that tomatidine
and tomatidine analogs may be useful in the prevention and
treatment of skeletal muscle atrophy, and the stimulation of
muscle hypertrophy, in humans.

14. Tomatidine Increases Anabolic Signaling, Protein Syn-
thesis, and Mitochondria in Cultured Skeletal Myotubes

To test whether tomatidine stimulates anabolic signaling,
the effect of tomatidine on Akt/mTORCI signaling was
investigated. Akt/mTORCI] signaling is a key anabolic sig-
naling pathway in skeletal muscle that increases protein syn-
thesis, reduces muscle atrophy, and promotes muscle hyper-
trophy (Schiaffino et al., FEBS J. Epub Apr. 17, 2013). Fully
differentiated C2C12 skeletal myotubes were switched to
10% FBS, incubated for 1 hr with vehicle (0.1% DMSO;
control) or 1 uM tomatidine, and then harvested. Myotube
protein extracts were prepared by scraping myotubes into
lysis bufter (10 mM Tris-HCI, pH 7.6, 100 mM NaCl, and 1%
(w/v) SDS, complete Mini protease inhibitor cocktail
(Roche), and a 1:100 dilution of phosphatase inhibitor cock-
tail 2 and 3 (Sigma)). Myotubes were then lysed with 10
passes through a 22-gauge needle and centrifuged to pellet
insoluble material. An aliquot of each soluble protein extract
was used to determine protein concentration by the BCA
method (Pierce). A separate aliquot of each protein extract
was mixed with 0.25 volume of sample buffer (250 mM
Tris-HCI, pH 6.8, 10% SDS, 25% glycerol, 0.2% (w/v) bro-
mophenol blue, and 5% (w/v) 2-mercaptoethanol) and heated
for 5 min at 95° C. An equal amount of protein from each
sample was then subjected to SDS-PAGE and immunoblot
analysis with antibodies specific for total and phosphorylated
Akt, GSK-3p and p70 S6 kinase (S6K) (Cell Signaling).
Tomatidine: 1) increased Akt phosphorylation (activity); 2)
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increased phosphorylation of GSK-3f, a key Akt substrate;
and 3) increased phosphorylation of S6K, a key mTORC1
substrate.

To whether tomatidine stimulates protein synthesis, fully
differentiated C2C12 skeletal myotubes were incubated for
30h with vehicle (0.1% DMSO; control) or 1 uM tomatidine,
and then the incorporation of [*H]-leucine into total cellular
protein was quantified to determine protein synthesis. Fol-
lowing incubation for 2 h with [*H]-leucine, cells were
washed three times with phosphate-buffered saline, fixed
with 10% (w/v) trichloroacetic acid (TCA) for 10 min on ice,
and then scraped and collected into microfuge tubes. Samples
were then incubated at 4° C. for 1 h before centrifugation to
pellet acid-insoluble protein. Pellets were washed once with
10% TCA and then dissolved in 1 M NaOH/1% sodium
deoxycholate. An aliquot was used to quantify protein con-
centration, and another aliquot was neutralized with 8 M HCl
and placed in scintillation cocktail for measurement of acid-
insoluble radioactivity. Acid-insoluble radioactivity was then
normalized to the amount of protein in each sample. Tomati-
dine significantly increased protein synthesis.

Mitochondria play an essential role in maintaining skeletal
muscle mass (Romanello and Sandri, Curr: Hypertens. Rep.
12,433-439). To test whether tomatidine increases mitochon-
dria, fully differentiated C2C12 skeletal myotubes were incu-
bated for 48 h with vehicle (0.1% DMSO; control) or 1 uM
tomatidine, and then mitochondrial DNA was quantified. To
quantify mitochondrial DNA, total cellular DNA (containing
both mitochondrial and nuclear DNA) was extracted with the
DNeasy Blood and Tissue Kit (Qiagen). Quantitative real-
time PCR (qPCR) was then performed using primers specific
for mitochondrial DNA and nuclear DNA (Menshikova et al.
Am. J. Physiol. Endocrinol. Metab. 288, E818-825). qPCR
reactions were performed in triplicate using a 7500 Fast Real-
Time PCR System (Applied Biosystems), and then the rela-
tive amounts of mitochondrial and nuclear DNA were deter-
mined using the comparative cycle threshold (Ct) method.
Tomatidine significantly increased mitochondrial DNA, indi-
cating an increase in mitochondria. Data are means+SEM
from 3 independent experiments. ***P<0.001. Taken
together, these data suggest that tomatidine may reduce
muscle atrophy and stimulate muscle hypertrophy by increas-
ing skeletal muscle anabolic signaling, protein synthesis and
mitochondria.

15. Tomatidine Increases Anabolic Signaling, Protein, and
Mitochondria in Mouse Skeletal Muscle

The finding that tomatidine increased anabolic signaling,
protein synthesis, and mitochondria in cultured skeletal myo-
tubes suggested that tomatidine might have similar effects in
mouse skeletal muscle in vivo. To test this hypothesis, mice
were fed standard chow (control) or standard chow contain-
ing 0.05% tomatidine for 5 weeks before skeletal muscles
were harvested for determination of S6K phosphorylation,
total cellular protein, and mitochondrial DNA. FIGS. 12 and
13 show that tomatidine significantly increased S6K phos-
phorylation, total cellular protein, and mitochondrial DNA in
mouse skeletal muscle. Data in FIG. 12 are mean amounts of
total skeletal muscle protein+SEM from 6-7 mice per condi-
tion; ***P<(.001. Data in FIG. 13 are the mean ratios of
mitochondrial DNA to nuclear DNA in skeletal musclexSEM
from 6-8 mice per condition; *P<0.05. Taken together, these
data provide further evidence that tomatidine may reduce
muscle atrophy and stimulate muscle hypertrophy by increas-
ing skeletal muscle anabolic signaling, protein synthesis and
mitochondria.
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16. Tomatidine Increases Skeletal Muscle Specific Force

The finding that tomatidine increases grip strength (FIG.
10) suggests that tomatidine may increase skeletal muscle
specific force. To test this hypothesis, mice were fed standard
chow (control) or standard chow containing 0.05% tomati-
dine for 5 weeks. Mice were then euthanized and the lower
hindlimb was removed by transecting the upper hindlimb
mid-way through the femur, then placed in Krebs Ringer
solution (120 mM NaCl, 23.8 mM NaHCO,, 10 mM D-glu-
cose, 4.8 mM KCl, 2.5 mM CaCl,, 1.2 mM KH,PO,, 1.2 mM
MgSO,, 5 mM HEPES;, 2.5 mM CaCl,) aerated with 95% O,
and 5% CO,. The gastrocnemius, soleus and TA muscles, as
well as the distal half of the tibia and fibula, were then
removed, leaving the extensor digitorum longus muscle
(EDL) with its origins and insertions intact. A staple with an
attached suture was placed through the knee joint, and the
preparation was mounted vertically in a water jacket bath
(Aurora Scientific 1200A Intact Muscle Test System, filled
with aerated Krebs-Ringer solution (95% O,, 5% CO,, 25°
C.)) by attaching the suture to a servocontrolled lever (Model
805A; Aurora Scientific) and clamping the metatarsals infe-
riorly. Isometric contractile properties of the EDL muscle
were evaluated according to previously methods described
(Kunkel et al., PLOS ONE 7, €39332). To produce a maxi-
mum isometric contraction, muscles were field stimulated
with supramaximal square-wave pulses (0.2 ms width) deliv-
ered to two platinum plate electrodes flanking the length of
the muscle. Optimum muscle length (L)) and optimum stimu-
lation voltage were determined by micromanipulating muscle
length and eliciting contractions until the peak potentiated
state was reached. Maximum isometric tetanic force (P,) was
determined from the plateau of the tetanic curve following
stimulation with supramaximal voltage (40 V) at 150 Hz with
2 min rest between recordings to prevent fatigue. Contractile
measurements were recorded using a digital controller
(Model 600A; Aurora Scientific) operating ASI Dynamic
Muscle Control acquisition software (v4.1, Aurora
Scientific). Following force testing, muscles were removed
from the bath, trimmed of tendons, and weighed on an ana-
lytical balance. Optimum fiber length (L) was determined by
multiplying L., by a previously determined fiber length:
muscle length ratio (0.44 for the EDL muscle (Brooks and
Faulkner. J. Physiol. 404, 71-82)). Muscle cross sectional
area was determined by dividing muscle weight by the prod-
uct of Lrand 1.06 mg/mm?> (the density of mammalian skel-
etal muscle (Mendez and Keys, Metabolism: Clinical and
Experimental 9, 184-189). Muscle mass, L.and P, was then
used to calculate maximum tetanic force normalized to cross-
sectional area (specific force). FIG. 14 shows that tomatidine
significantly increased the specific force generated by skel-
etal muscles. Data are means+SEM from 4 mice per condi-
tion. *P=<0.05.

17. Tomatidine Increases Exercise Capacity

To test whether tomatidine increases exercise capacity,
mice were fed standard chow (control) or standard chow
containing 0.05% tomatidine for 5 weeks, and then subjected
to a well-established exercise treadmill protocol (Kunkel et
al., PLOS ONE 7, €39332). For two days, mice were accli-
mated for 5 min a day to running on a motor-driven open
treadmill with a shock grid (Columbus Instruments). During
acclimation, the treadmill speed was set at 14 M/min and the
treadmill incline was set at 0%. On day 3, exercise tolerance
was tested: the shock grid was setat 0.2 mA, and the treadmill
incline was set at 10%. For the first 5 min of testing, treadmill
speed was set at 10 M/min. Every 2 min thereafter, the tread-
mill speed was increased by 2 M/min. Running was termi-
nated when mice contacted the shock grid for 10 seconds.
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FIG. 15 shows that tomatidine significantly increased the
distance run by mice on the accelerating treadmill. Data are
mean distances run+SEM from 16 mice per condition.
*P=0.05. These data indicate that, in addition to increasing
strength, tomatidine increases exercise capacity.

18. Tomatidine Stimulates Skeletal Muscle Hypertrophy in
Old Mice

The aforementioned mouse studies utilized young (ap-
proximately 2-month-old) mice. To test whether tomatidine
also stimulates skeletal muscle hypertrophy in old mice,
14-month-old C57BL/6 mice were provided ad libitum
access to standard chow (control) or standard chow contain-
ing 0.05% tomatidine for 9 weeks before skeletal muscles
were harvested for determination of muscle weights and
muscle fiber size. Tomatidine significantly increased the
weight of tibialis anterior, gastrocnemius, soleus, quadriceps,
and triceps muscles. Data are means+SEM from 11 mice per
condition. ¥*P<0.05; **P=<0.01; ***P<0.001. Tomatidine also
significantly increased the size of muscle fibers, indicating
skeletal muscle hypertrophy. These data, coupled with the
data from young mice, indicate that tomatidine stimulates
skeletal muscle hypertrophy in both young and old mice.

All of the compositions and/or methods disclosed and
claimed herein can be made and executed without undue
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experimentation in light of the present disclosure. It will be
apparent to those skilled in the art that various modifications
and variations can be made in the present invention without
departing from the scope or spirit of the invention. More
specifically, certain agents which are both chemically and
physiologically related can be substituted for the agents
described herein while the same or similar results can be
achieved. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within the
spirit, scope and concept of the invention as defined by the
appended claims. Other embodiments ofthe invention will be
apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It
is intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

19. Prophetic Synthesis of Tomatidine and Analogs

The formulas disclosed herein could be synthesized by the
method disclosed by Uhle, and Moore, J. Am. Chem. Soc. 76,
6412 (1954); Uhle, J. Am. Chem. Soc. 83, 1460 (1961); and
Kessar et al., Tetrahedron 27, 2869 (1971), which are all
hereby incorporated by reference in their entirety. The dis-
closed compounds can also be made as shown in Scheme SA.
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What is claimed is:

1. A method for promoting muscle health, normal muscle
function, and/or healthy aging of muscle in skeletal muscle in
an animal comprising administering to the animal a solution,
dispersion, suspension or emulsion comprising not less than
0.14% by weight of a compound having a structure repre-
sented by a formula:

RSI

e, g, -

wherein

R>! is selected from H, C,-C, alkyl, and COR>?;

R*%is C,-C, alkyl;

7Z°'is NR>*; and

R>%is selected from H and C, -C alkyl,

or pharmaceutically acceptable salt thereof,

thereby promoting muscle health, normal muscle function,
and/or healthy aging of muscle as measured by one or
more of (1) increased muscle formation, (2) decreased
muscle atrophy, (3) increased muscle hypertrophy, (4)
increased exercise capacity, (5) increased muscle pro-
tein synthesis, (6) increased muscle mitochondria, (7)
increased muscle force generation, (8) increased muscle
strength, or (9) increased anabolic signaling in the skel-
etal muscle of the animal.
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2. The method according to claim 1 wherein the compound
has a structure represented by the formula E1

El

3. The method according to claim 1 wherein R*! is selected
from H and C,-C; alkyl.

4. The method according to claim 1 wherein R>! is H.

5. The method according to claim 1 wherein R>* is H.
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6. The method according to claim 1 wherein the compound
has the structure represented by formula:

15
7. The method according to claim 1 wherein said solution,
dispersion, suspension or emulsion comprises not less than
0.28% by weight of said compound.
8. The method according to claim 1 wherein the compound
20 is present in an amount greater than 5 mg.
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